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Human beings derive various benefits from water ecosystems and services. Sustainable 
provision of various kinds of water ecosystem services remains a challenge due to several 
reasons, especially due to climate change and intensification of agricultural activities. In 45 
addition, tradeoffs in ecosystem services also arise and thus need to be considered. Without 
taking into account these issues, water ecosystem services are very likely to be reduced and 
subsequently hinder further improvement in human welfare. 
The conservation and improvement in water ecosystems and water services generate 
considerable economic values in terms of open access to recreation and amenity, 50 
enhancement of biodiversity, water quality and water supply. Along with the growing 
importance of water ecosystem services, various water management policies have been 
developed in order to counteract the growing demands for limited water resources. However, 
many outdated and inefficient or insufficient water policies result in failure of providing 
improved water ecosystem services, consequently causing a loss in social welfare.  55 
The specific objectives of this thesis are, therefore, 1) to review the evolution of 
contemporary policies of managing water ecosystem services and their challenges as well as 
discussing the drivers of water policy changes and providing recommendations on the 
formulation of new management policy on water ecosystem services; 2) to elicit households’ 
willingness of pay (WTP) for the land use restriction policy of enhancing water ecosystems 60 
and services with respect to aquatic biodiversity conservation and water quality improvement 
from the dichotomous choice (DC) contingent valuation (CV) method; 3) to examine and 
correct biases such as anchoring, shift, yea-saying and endogenous effects in DCCV data; 4) 
to estimate those total benefits based on the cost-benefit (CB) analysis along with eliciting the 
WTP.  65 
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In the second chapter, an opinion on state-of-the-art of changes and reforms of water 
policies as well as the challenges along with their policy implications for sustainable 
management of water ecosystem services in South Korea was provided. To meet new 
challenges for sustainable water ecosystem services management which are continuously 
emerging in parallel with changes in ecosystems generated by physical, environmental and 70 
socio-economic challenges, two ideas: (i) provider-gets-principle (payment for ecosystem 
services) of sharing costs and benefits derived from the policy; and (ii) full-cost natural 
resource pricing-principle internalizing environmental externalities caused by the intensive 
use of the ecosystems were provided in this chapter.  
In the third chapter, the WTP for a land use restriction policy in the Han River basin 75 
was examined using the double-bounded (DB) DCCV method which estimates benefits from 
the policy of improving water quality and ecosystem services. It also provided a robust way 
for the improvement of precision in estimating values of ecosystem services by controlling 
shift, anchoring, and yea-saying effects in the DBDC format. After correcting those biases, 
the statistical precision of parameter estimates was improved. The estimated welfare gains 80 
were on average South Korean currency (KRW) 2,861 per month per household. The derived 
total benefits (KRW 297.73) of the policy were much greater than the total costs 
(KRW129.44 billion).   
In the fourth chapter of this thesis, the WTP of households for the water ecosystem 
health (biodiversity) improvement was estimated using the single-bounded (SB) DCCV 85 
method. This chapter extended the CV literature by dealing with the endogenous effect of a 
proxy variable as another potential bias of the CV method, namely the subjective experience 
of negative environmental quality changes. As a result, the correction for the endogeneity bias 
facilitated the efficiency of parameter estimation in the WTP model. The mean WTP per 
household accounted for around 46.8% (KRW 79.6) of the current water use charge (KRW 90 
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170 per cubic meter). The total benefit from conserving the biodiversity was around KRW 
198.62 billion.  
In this thesis, along with the review of management policies on ecosystem services, 
their challenges and recommendations on the formulation of new policy the statistically 
improved and reliable WTP in the SB- and DBDC format for improvement of water 95 
ecosystem services is estimated by correcting biases in the CV method. Based on the 
empirical results of correcting the biases presented in the CV data and total benefits derived 
from the CB analysis along with the WTP estimate, the statistical precision of parameter 
estimates was improved. Since the total benefits were also considerable, the land use policy 
may significantly contribute to the improvement in water quality, biodiversity and ecosystem 100 





Menschen ziehen Nutzen aus aquatisches Ö kosystem und Wasserdienstleistungen. 
Nachhaltige Bereitstellung von verschiedenen Arten von Ö kosystemleistungen des Wassers 105 
bleibt eine Herausforderung aus verschiedenen Gründen, insbesondere wegen des 
Klimawandels und wegen landwirtschaftlicher Intensivierung. Außerdem kommen die 
Tradeoffs zwischen Ö kosystemleistungen vor und damit müssen sie berücksichtigt werden. 
Ohne Berücksichtigung dieser Themen sind Ö kosystemleistungen des Wassers mit hoher 
Wahrscheinlichkeit reduziert und in der Folge hindern sie weitere Verbesserung menschlicher 110 
Wohlfahrt. 
 Beide Kommunikation und Verbesserung von aquatischem Ö kosystem bzw. der 
Wasserdienstleistungen generieren erheblichen wirtschaftlichen Nutzen in Bezug auf freien 
Zugang zur Erholung und Einrichtung, Steigerung der Biodiversität, Wasserqualität und 
Wasserversorgung. Neben zunehmender Bedeutung von Ö kosystemleistungen des Wassers 115 
wurden verscheidende Wasserwirtschaftspolitiken entwickelt um wachsende Nachfragen nach 
beschränkten Wasserressourcen zu entgegenwirken. Allerdings führen überholte, uneffiziente, 
oder unzureichende Wasserwirtschaftspolitiken zu Ausfall von der Versorgung der 
verbesserten Ö kosystemleistungen des Wassers und in der Folge verursachen sie sozialen 
Wohlfahrtsverlust.  120 
 Konkrete Ziele von dieser Arbeit werden deshalb verfolgt 1) um Entwicklung von 
gegenwärtigen Wasserwirtschaftspolitiken und derer Herausforderungen zu überprüfen sowie 
Diskutieren der Treiber des Wandels von Wasserwirtschaftspolitiken und Empfehlungen zur 
Formulierung neuer Wasserwirtschaftsmanagementpolitik zu geben 2) um 
Zahlungsbereitschaft von Haushalten (WTP) für gesetzliche Nutzungsbeschränkung des 125 
Verbesserns von Ö kosystemtleistungen Wassers zu entlocken bezüglich aquatischer 
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Biodiversitätskommunikation und Wasserqualitätsverbesserung von dichotomous choice (DC) 
contingent valuation (CV) Methode 3) um Neigungen wie verankernde, sich verschiebende, 
yea-saying und endogene Auswirkungen auf DCCV Daten zu untersuchen bzw. zu 
korrigieren 4) um gesamte Nutzen auf der Basis von der Kosten-Nutzen Analyse (CB) zu 130 
schätzen neben dem Entlocken von WTP. 
 Im zweiten Kapitel wird Folgendes gezeigt – Stellungsnahme aktueller Auswirkungen 
bzw. der Reform von Wasserwirtschaftspolitik sowie Herausforderungen neben politische 
Auswirkungen auf nachhaltigen Management der Ö kosystemleistungen Wassers in Südkorea. 
Um neue Herausforderungen des stetig auftauchende nachhaltige 135 
Ö kosystemleistungsmanagement Wassers zu begegnen, parallel zu Veränderungen von 
Ö kosystemen generiert von physisch, umweltpolitisch, sozioökonomische Herausforderungen, 
zwei Ideen: (1) Anbieter-Verdient-Prinzip (Zahlung für Ö kosystemleistungen) gesetzlicher 
Kosten- bzw. Nutzenteilung und (2) Vollkosten Rohstoffen Preis-Prinzip mit der Zielsetzung 
auf Internalisierung umweltschädlicher Externalitäten, die durch intensive Nutzung von 140 
Ö kosystemen verursacht wurden, sind in disem Kapitel diskutiert.  
 Im dritten Kapitel, sind WTP für die gesetzliche Nutzungsbeschränkung von 
Wasserbecken an Han River, unter Verwendung der double-bounded (DB) DCCV Methode, 
die Vorteile von der Wasserqualitätsverbesserungs- bzw. Ö kosystemleistungspolitik 
kalkuliert. Sie bietet auch robuste Weise für die Verbesserung der Genauigkeit von Schätzung 145 
der Values von Ö kosystemleistungen beim verankernde, sich verschiebende, yea-saying und 
endogene Auswirkungen in DBDC format kontrollieren. Nachdem diese Biases korregiert 
sind, ist statistische Genauigkeit von Parameterschätzung verbessert. Geschätzter 
Wohlfahrtsgewinn waren in der Höhe 2,861 Südkoreanische Währung (KRW) pro Monat per 
Haushalt im Durchschnitt. Gesamte Nutzen (KRW 297.73) von der Politik waren wesentlich 150 
höher als Gesamtaufwand ( KRW 129.44 Milliarde). 
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 In viertem Kapital von dieser Arbeit, sind die WTP von Haushalten für das 
Ö kosystem Wassers Gesundheits- ( bzw. Biodiversitäts-)verbesserung geschätzt, unter 
Verwendung der Single-bounded (SB) DCCV Methode. Dieser Kapitel erweitert CV Literatur 
mit endogener Auswirkung auf Nährungsvariable als andere potenzielles Bias von CV 155 
Methode, sogennante subjektive Ergebnissen von negativer Veränderung der Umweltqualität. 
Infolgedessen, ermöglicht Korrektur des Endogenitätsbias die Effizienz von 
Parameterschätzung im WTP Modell. Mittelwert von WTP per Haushalt beträt ca. 46.8% 
(KRW 79.6) von derzeitigen Wasserverbrauchskosten (KRW 170 per Kubikmeter). 
Gesamtkosten von Erhaltung der Biodiversität war ca. KRW 198.62 Milliarde. 160 
 In dieser Arbeit, neben der Ü berprüfung von Wasserwirtschaftspolitiken, ihrer 
Herausforderungen und Empfehlungen zur Formulierung neuer Politik sind statistisch 
verbessert und zuverlässige WTP in the SB- und DBDC format, für Verbesserung der 
Ö kosystemleistungen Wassers, sind geschätzt durch Korrigierung der Baises von CV 
Methode. Aufgrund von empirischer Nachweise über die Korrigierung der Biases, die in CV 165 
Daten präsentierten und von gesamtem Nutzen von CB Analyse neben der WTP Schätzung, 
ist statistische Genauigkeit von Parameterschätzung verbessert. Da gesamte Nutzen auch 
erheblich ist, kann die Landnutzungspolitik vielleicht wesentlich beitragen zu 
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Chapter 1 Synopsis 405 
1.1 Problem statement and research motivation 
The Millennium Ecosystem Assessment (MA, 2005) defines a natural ecosystem as a 
dynamic complex of living organisms (animals, plants and micro-organisms) and the non-
living environment interacting as a functional unit. If one part is damaged it can have an 
impact on the whole system (MA, 2005). Human beings benefit from these various natural 410 
ecosystems and their services. The MA classified all ecosystem services into four broad 
categories: 1) provisioning services (obtained products from ecosystems such as food, fibre, 
medicines), 2) regulating services (benefits from the results of ecosystem processes such as 
water purification, air quality maintenance, climate regulation); 3) cultural services (non-
material benefits from interaction with the natural environment such as recreation, education,); 415 
4) supporting services (functions necessary for the production of other ecosystem services 
from which people benefit, such as soil formation, nutrient cycling) (MA, 2005). These 
categories indicate that ecosystems contribute to or enhance human welfare in various ways 
(Pagiola et al., 2004).  
There have been several studies on the contributions of different ecosystem services to 420 
human well-being and on the estimation of monetary values of ecosystem services. For 
example, Willis et al. (2003) estimated the total value of annual benefits of forests and 
woodlands to people in Britain such as the values of providing opportunities for open access 
outdoor recreation (USD 589 million) (cultural services), supporting and enhancing 
biodiversity (USD 579 million), contributing to the visual quality of the landscape (USD 225 425 
million) (supporting services), and carbon sequestration (USD 589 million) (regulating 
services). Kettunen and ten Brink (2006) examined values of restoring and improving 
biodiversity-related services provided by various ecosystems which have been lost or 
 ２ 
 
degraded throughout the EU. In particular, the estimated values after restoration of the 
ecosystem and its services modified by the construction of the Danube dam in Germany 430 
include: the annual value of restored river fisheries (USD 16 million) (providing and cultural 
services); value provided by restored habitat for nitrogen and phosphorous absorption (USD 
112.5 million) and cycling (USD 18.2 million) (regulating and supporting services); and value 
of tourism resulting from restored wetland habitat (USD 16 million) (cultural services). Kim 
et al. (2016) examined the economic impact of water quality improvement and its 435 
stabilization in irrigation water storage infrastructure in Alberta, Canada. They found that the 
water infrastructure supports aquatic ecosystem services such as regulating water quality 
(regulating services) and providing residents living around reservoirs and visitors with 
recreation and visual amenities (cultural services). The calculated total values generated by 
improved and stabilized water quality are ranging from USD 321 to 404 million.  440 
Those benefits for improved human well-being and economic development derived 
from ecosystems have been, however, accomplished by the trade-offs. This means that the 
modification of ecosystems to enhance one service can come at a cost to other services (MA, 
2005; Kettunen and ten Brink, 2006; Nguyen, 2015). For example, agriculture ecosystems 
provide diverse services such as increased food, fibre or bioenergy supply and natural habitats 445 
for the flora and fauna (Costamagna and Landis, 2006, Tscharntke et al., 2005, Knoche and 
Lupi, 2007). However, land conversion from forests to intensive agriculture, at the same time, 
degrades soils and leaches a fair amount of agrochemicals into rivers. These consequently 
cause water pollution and a decline in the fresh water supply and recreation opportunities 
provided by aquatic ecosystems (Tilman et al., 2002; Nguyen and Tenhunen, 2013; Shin et al., 450 
2016). Moreover, ecosystem services are frequently neglected in planning of natural resources 
management. The capacity of ecosystems to provide a variety of services have been, on 
numerous occasions, degraded by the combination of changed natural systems and 
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insufficient management effects (Folke et al., 2004; de Groot, 2006; Petz et al., 2012). Since 
climate change has been, in addition, modifying the temperature and precipitation systems of 455 
natural ecosystems, it has caused a shift in water balances (Kabat et al., 2004; Canadell et al., 
2007). These modifications in ecosystems caused by climate change and intensive agricultural 
activities, therefore, have a negative influence on ecosystem services (de Groot et al., 2010; 
Egoh et al., 2012; Ayanu et al., 2015). Without addressing these problems the benefits from 
ecosystems and their services to people are more likely to be reduced. It will subsequently 460 
hinder further improvement in human welfare (MA, 2005; Baumgärtner and Quaas, 2010). 
As one of the classical natural ecosystems, aquatic ecosystems are very important for 
human well-being. They provide many benefits to society in terms of water-related resources 
and services. Varied policies on water systems and water services have rapidly evolved in 
response to the ever-increasing demands for finite water resources throughout many parts of 465 
the world (Barson and Poff, 2002; Vugteveen and Lenders, 2009). However, there have been 
still significant challenges in managing scarce water resources due to the population and 
economic growth (industrialization and urbanization) and the potential effects of climate 
change (Araral and Wang, 2013). In addition to agricultural intensification for the stable food 
supply which leads to degraded water quality (Nguyen et al., 2014), and climate change 470 
which causes increased spatial and temporal variations in water availability (OECD, 2012a), 
many key policies, institutions, and laws on aquatic ecosystems are outdated and not 
effectively or equitably enforced (Juliet et al., 2011). Since current water governance systems 
fail to manage and improve essential water systems and their services and to balance 
environmental, social, and economic concerns (Kim et al., 2007; Luan, 2010; Seppälä, 2002; 475 
Rees, 1998), there have been many calls for reforms of water policies (Quevauviller, 2014). 
Therefore, 1) reviewing the evolution of contemporary policies on the aquatic ecosystems, 
services and challenges along with their policy implications, 2) providing an overview and 
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perspective on the history of those policies and 3) discussing the drivers of changes in the 
policies would contribute to better understand importance in a sustainable use and 480 
development of water ecosystems and services. This was the first motivation for the thesis. 
Aquatic ecosystems have distinctive physical features such as mobility and variability 
in term of quality and quantity of their services (Hanemann, 2006; Young, 2005; Young and 
Loomis, 2014). Given that water flows from up- to downstream areas, the use and treatment 
of water resources in the upper streams can have consequences for users in the lower streams. 485 
Thus, the associated changes in quality and quantity of the aquatic ecosystem services are at 
the centre of social conflicts between countries and communities (up- versus downstream 
areas) (Shin et al., 2009; UNW-DPAC, 2013). In many parts of the world, the leaching of 
agrochemicals such as fertilizers, pesticides and sediments derived from soil erosion in 
upstream areas under intensive highland agricultural activities have been major causes of 490 
degrading and threatening downstream ecosystem services (George et al., 2009; Mitchell et 
al., 2009; Stoate et al., 2009; Kroon et al., 2012; Thorburn and Wilkinson, 2013). As a result, 
downstream residents support stopping highland agriculture susceptible to environmental 
problems, while highland farmers wish to continue these activities, which are the main source 
of their income (Choi et al., 2016; Shin et al., 2009). A policy on preventing highland 495 
agriculture causes trade-offs in ecosystem services and conflicts between stakeholders e.g. 
water quality and social (opportunity) costs of abandoning highland agriculture; upstream 
farmers and downstream residents. To equally distribute those costs incurred by the policy, 
which in general upstream residents bear, and benefits from ecosystem services improved 
through the policy, which in general downstream residents gain, there should be a financing 500 
mechanism not only to compensate for highland farmers’ expected income loss, but also to 
effectively manage ecosystem services (OECD, 2012b).  
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The point is, the benefits generated by a water quality improvement of ecosystem 
services are not traded in real markets (Hanemann, 2006). For the estimation of those benefits, 
the use of non-market valuation methods is, thus, required (Young, 2005; Young and Loomis, 505 
2014). These methods try to elicit the monetary values of non-marketed ecosystem services 
by virtue of examining preferences of people for the ecosystem services (Whitehead et al., 
2008) and aggregating those preferences with respect to people’s choices and trade-offs 
associated with decision-making processes (Daily et al., 2000). Therefore, in competition with 
various options to manage ecosystems and their services, an individual who makes a decision 510 
will weigh the benefits against the costs of every alternative and pick the optimal choice 
according to his preferences (Costanza, 2000). These approaches, however, come with their 
particular disadvantages. In particular, the uncertain information on the good valued and the 
unfamiliarity with the institutional design of the non-market valuation methods using 
hypothetical markets and scenarios confuse people. They also cause diverse strategic biases, 515 
so-called anomalous preferences. This can not only lead to inconclusive results since it is 
unclear whether WTP is correct or not, but also increase biases (under- or overstate) in the 
WTP estimate (Chien, Huang and Shaw, 2005; DeShazo, 2002; Flachaire and Hollard, 2006; 
Gelo and Koch, 2015; Herridges and Shogren, 1996; Whitehead, 2002). It is, thus, essential to 
find a more robust way of estimating the values of ecosystem services by controlling strategic 520 
biases in non-market valuation approaches. This can consequently contribute to deriving 
further reliable monetary value of the total benefits generated by an improvement in water 
ecosystem services, and to providing practical solutions that would be useful for the water 
ecosystems management. This was the second motivation for the thesis. 
The last motivation for the thesis was on the provision of crucial information for a 525 
better understanding of the economic value of aquatic biodiversity which can raise the 
awareness of significance of water ecosystems conservation. The improvement in the 
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valuation models through considering the endogeneity as another potential bias of the non-
market valuation methods was also taken into account in the thesis. Biodiversity in natural 
ecosystems contributes to not only providing social-economic services, but also maintaining 530 
the ecological balance of natural resources (Poufoun et al., 2016). That means that the 
conservation of biodiversity can contribute to improving the value of various ecosystem 
services (Loomis et al., 2000; Loomis and White, 1996). Since it is hard to replace the 
impaired value of ecosystem services (Beaumont et al., 2008) biodiversity conservation can 
present further environmental benefits to people, especially for future generations (Collares-535 
Pereire and Cowx, 2004). Across the world, many countries have made efforts to improve 
aquatic ecosystem services through the biodiversity conservation. However, water quality 
deterioration has continuously been a prime issue of managing the services. Soil erosion from 
intensive agricultural fields in upstream areas and its inflow to rivers are blamed for the 
contaminated water problem in downstream areas (Choi et al., 2016; Pagiola et al., 2004). 540 
Moreover, the lack of pragmatic policies and funds for the conservation of aquatic 
biodiversity has led to the repeated water contamination and accelerated loss in aquatic 
ecosystem services (Lee, 2012). It is obvious that the loss in ecosystem services would cause 
a more serious welfare loss to various communities throughout up- and downstream areas. It 
is, in this regard, essential that biodiversity threatened by water contamination should be the 545 
first priority in the conservation and improvement of aquatic ecosystems due to its importance 
to social welfare (Ressurreição, Gibbons and Dentinho, 2011). 
Non-market valuation has been widely used in many studies of measuring people’s 
preferences for biodiversity conservation (Boyle and Bishop, 1987; Bulte and van Kooten, 
1999; Carson, Wilks and Imber, 1994; Kotchen and Reiling, 1998; Loomis et al., 2000; 550 
Stevens et al., 1991). However, this method has another potential problem about proxy 
variables on subjective perceptions of changes in water ecosystems and their services 
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(Whitehead, 2006). The subjective perceptions may be affected by unobserved characteristics 
of people, which influence their WTPs. The correlation of both the proxy variable and WTP 
with the unobserved characteristics is likely to make the coefficient of the variable biased in a 555 
WTP model. This is called the endogeneity bias which would provide inconsistent parameter 
estimates in WTP models (Martínez-Espiñeira and Lyssenko, 2011; Whitehead, 2006). The 
bias in the valuation may lead to not only the elicitation of over- or underestimated WTPs, but 
also to a failure to achieve policy goals of conserving water ecosystems (Ressurreição et al., 
2011). It is, therefore, necessary to improve the statistical exactitude of parameter estimates 560 
by correcting the endogeneity bias. This can accordingly contribute to eliciting more precise 
benefits from water ecosystem services improved by the policy implementation of conserving 
aquatic biodiversity, and providing practical policy resolutions of managing water ecosystem 
services.  
The next sections of the introduction section to this thesis involve 1) a theoretical 565 
section which reviews the conceptual framework of water ecosystem services and 2) a 
description of methodology of the water ecosystem services valuation. Following the 
introduction section, main results of the papers for the thesis and an in-depth discussion are 
presented in three and forth sections, respectively. Finally, conclusions and policy 
implications are provided in the last section of this thesis. 570 
 
1.2 Research conceptual framework 
1.2.1 Concept of payment for ecosystem services (PES) 
Various instruments have been developed in order to conserve the natural ecosystems 
providing diverse services for human beings. Among them, the market-based conservation is 575 
frequently considered as an efficient instrument because it is based on the market principles 
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of optimal allocation and use of the resources (Wunder 2005; Kumar and Muradian 2009). 
The key of this approach is, for instance, to change behavior of farmers in upstream areas 
through incentives which promote their choices of more environmental-friendly land uses 
such as direct payments for conservation on private lands or trading systems designed to 580 
compensate for damage in one place by improvements (Pagiola et al., 2004). These schemes 
are called as payments for ecosystem services (PES) and further emphasize the fact that 
incentives for farmers can raise the provision of diverse ecosystem services (Antle and 
Valdivia, 2006; Kinzig et al., 2011). 
In the late 1970s, the modern history of ecosystem services first began with the 585 
utilitarian framing of beneficial ecosystem functions for increasing public interest in 
biodiversity conservation. In the 1990s, a number of studies using methods of estimating the 
economic value of ecosystem services were continuously done (de Groot, 1987; Daily, 1997; 
Costanza et al., 1997; Gómez-Baggethun et al., 2010). At present ecosystem services have 
been increasingly reaching economic decision-making through the widespread promotion of 590 
market based instruments for ecosystem conservation such as PES schemes (Landell-Mills 
and Porras, 2002; Pagiola and Platais, 2007; Engel et al., 2008; Pagiola, 2008). This has been 
defined as voluntary and conditional transactions over well-defined ecosystem services 
between at least one supplier and one user (Wunder, 2005). Figure 1.1 indicates a framework 
of how to incorporate ecosystem services into the economic decision-making as PES schemes 595 




Figure 1.1 Conceptual framework of PES schemes (source: modified from Pagiola and Platais, 
2007; Nguyen, 2015) 
 600 
PES schemes have been developed as a policy combination (Landell-Mills and Porras, 
2002; Pagiola et al., 2005; Engel et al., 2008; Drechsler et al., 2010) to multiply the provision 
of ecosystem services. Identifying and evaluating ecosystem services are necessary for 
implementing PES. Establishing payment mechanisms is also essential for promoting the 
provision of those services (Elmqvist et al., 2010). In general, the land users as ecosystem 605 
service providers who carry out or sustain advisable land uses have the payments (Nguyen et 
al., 2013). As shown in Figure 1.1, the payments should be principally higher than the 
relinquished benefits of the service providers. Therefore, PES pursues to internalize an 
externality as the cost or benefit generated by the upstream land user’s activity that affect the 





1.2.2 Overview of impact pathway of policy change on ecosystem services 
Economic valuation of ecosystem services contributes to better decision-making in several 
ways by 1) highlighting more clearly the implications for human welfare and 2) ensuring that 615 
the policy assessment entirely considers the costs and benefits to the ecosystem services in 
markets including PES (Ahlheim, 2012).  
In order to understand the value of ecosystem services it is essential to characterize 
and quantify the relationships between ecosystems and the provision of ecosystem services, 
and to identify the ways in which how ecosystem services have impacts on human wellbeing. 620 
A very simplified overview of an impact pathway approach which presents those 
relationships and ways is shown in Figure 1.2. The impact pathway reflects the types of 
changes that arise in the quality and quantity of ecosystem services as an effect of policy 
decision-making. Those changes in the value of ecosystem services between the baseline 
option (no change) and the other policy option (change through conservation or protection) 625 
would be, in particular, evaluated in the context of cost-benefit (CB) analysis, which 
identifies changes in ecosystems and in the provision of ecosystem services caused by the 
chosen policy (DEFRA, 2007). These benefits can be translated into economic values using 




Figure 1.2 Overview of impact pathway of policy change on ecosystems and their services 
(source: modified from DEFRA, 2007) 
 
1.3. Research methodology  
1.3.1. Research area  635 
South Korea is located in East Asia on the south part of the Korean peninsula, which is 
surrounded by the three seas: the Yellow (West) Sea, the South Sea, and the East Sea. The 
country lies between 124° and 132° longitude and between 33° and 42° latitude. This 
geographical location makes the climate of the country to have four distinct seasons and a 
continental or temperate monsoon climate (Min, 2011). The country has mountainous terrains 640 
in the eastern part which cover about 70% of the country’s territory (Kim et al., 2013). The 
main four rivers (Han, Geum, Nakdong, Yeongsan) run into the West Sea and the South Sea 
(Min, 2011; Sampson, 2002).  
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As shown in Figure 1.3 the Han River basin is the largest one and the primary source 
of drinking water supply to the Seoul (capital) metropolitan area (largest population). The 645 
basin is also considered to have fine aquatic biodiversity, e.g. fish as a vital component of the 
stream food chain. However, the highland areas of the basin is, in particular, dominated by 
vegetable-producing agriculture such as Chinese cabbage and radish which is typified by the 
intensive use of agricultural chemicals (e.g., nitrogen and phosphorous). Soil erosion from the 
upstream agricultural fields is accelerated by the summer monsoon and typhoons in the rainy 650 
season (June to September). This has been identified as hotspots of non-point pollution and 
caused the inflow of agro-chemically contaminated turbid water to the basin, which leads to 
the degradation of water quality and aquatic ecosystems such as fish habitat in every layer of 
the river. The frequent turbid water has accelerated loss in fish diversity due to the absence of 
practical policies and finance for the conservation and protection of endangered aquatic biota 655 
(SMG, 2014; Kim, 2012; Shin et al., 2009). 
 
 
Figure 1.3 Research area considered in this thesis  
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Along with the Han River Law in 1999 promulgated for more systematic water 660 
management, a water use charge that major water users in downstream areas (Seoul, Incheon, 
and part of Gyeonggi-do) that are supplied with water from upstream water source protection 
zones (part of Gyeonggi-do, Gangwon-do, and Chungcheongbuk-do) of the Han River basin 
have to pay was introduced based on the beneficiaries’ pay principle. The charge has been 
increased from South Korean won (KRW) 80 per cubic meter in 1999 to KRW 170 per cubic 665 
meter in 2016 (SMG, 2014).  
Despite the implementation of diverse governmental measures for water quality 
improvement including the water use charge, conflicts over water rights between up- and 
downstream areas in the Han River basin have increasingly occurred (Kim, 2012). Due to the 
repeated contaminated turbid water in the Basin the residents in downstream areas argues that 670 
the water use charge should be reduced or abolished, while upstream residents insist that 
overlapping regulations in the upstream areas should be eliminated and compensation for 
water quality improvement in the basin should increase (Kim et al., 2000; Kim, 2012). 
To prevent turbid water inflows to the basin, it is essential for the vegetable cultivation 
to be converted to other alternatives such as perennial crops or forest trees in the highland 675 
areas. This is so-called ‘trade-offs’ between benefits through improvement in water quality 
and aquatic ecosystems and the forgone benefits of abandoning current highland vegetable 
farming. Through the implementation of the conversion policy for improving water quality 
and ecological status of the basin, it is obvious that residents in down- and midstream areas 
are provided with more benefits from gaining safe and clean water. Economic activities of 680 
farmers in the highland agricultural fields are, on the other hand, restricted and their 
opportunity for potential economic benefits regarding water resources use is lost (Shin et al., 
2016). For the realization of the equivalent distribution of benefits from water use among 
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stakeholders in the basin, a financing mechanism to compensate for highland farmers’ 
expected income loss through the conversion is necessary.  685 
1.3.2. Valuation of ecosystem services  
Total economic value framework including use and non-use values   
The value of natural resources is often considered within the framework of total economic 
value (TEV), and this framework can be used to valuate ecosystem services. Figure 1.3 
summarizes TEV which comprises use and non-use values. TEV means the total benefit in 690 
human welfare from a policy measured by the net sum of the willingness to pay (WTP).  
 
Figure 1.4 Total economic value approach (source: modified from Pagiola et al., 2004; 
DEFRA, 2007; Bateman, 2011) 
Use value is comprised of three types of values. Direct use values include the value of 695 
consumptive uses (e.g. food products, timber for fuel or construction, medicinal products) and 
that of non-consumptive uses (e.g. recreation, landscape amenity). Indirect use values refer to 
other benefits that people have from services supported by natural ecosystems, including key 
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global life-support functions such as climate and water regulation, pollution filtering, soil 
retention and provision, nutrient cycling, etc. Option values are from preserving the resources 700 
to use in the future. It, in other words, describes the value placed on maintaining ecosystems 
and their component species and habitats for possible future uses (Bateman, 2011; Pagiola et 
al., 2004; DEFRA, 2007).    
Non-use value (or passive use) refers to the enjoyment people may experience simply 
by knowing that ecosystems exist even if they never expect to use those ones directly. There 705 
are three main components: 1) bequest value (attaching value from the fact that the ecosystem 
resource will be passed on to future generations); 2) altruistic value (attaching value to the 
availability of the ecosystem resource to others in the current generation); 3) existence value 
(existence of an ecosystem resource despite no actual or planned use of it) (Carson et al., 
1999; Freeman 2003; Young and Loomis, 2014). 710 
Table 1.1 Valuing ecosystem services through the TEV approach (source: modified from 
Pagiola et al., 2004; MA, 2005; DEFRA, 2007) 
Millennium Ecosystem Assessment (MA) 
framework 







Direct Indirect   
Provisioning 
Food; figre and fuel; 
biochemical, natural 
medicines, pharmaceuticals; 
fresh water supply 
●  ●  
Regulating 
Air quality regulation; 
climate, water, natural hazard 
regulation 
 ● ●  
Cultural 
Cultural heritage; recreation 
and tourism; aesthetic values 
●  ● ● 
Supporting 
Primary production; nutrient 
cycling; soli formation 
Supporting services are valued through the 
other categories of ecosystem services 
 
The TEV and the MA framework for categorizing ecosystem services can be seen as 
complementary. Both approaches can be combined as shown in Table 1.1. The TEV 715 
 １６ 
 
framework is a useful tool for exploring what types of values for each ecosystem service we 
are trying to elicit. This helps in determining the valuation methods required to capture these 
values.  
Contingent Valuation Method for Valuing Ecosystem Services 
Economic valuation attempts to elicit public preferences for changes in the state of ecosystem 720 
services in monetary terms. The main types of economic valuation methods available for 
estimating those preferences are revealed preference (RP) and stated preference (SP) methods. 
RP methods rely on data regarding individuals’ preferences for a marketable good which 
includes environmental attributes. These techniques rely on actual markets and include 
market pricing, averting behavior, hedonic pricing, travel cost method, and random utility 725 
modelling. SP methods use carefully structured questionnaires to elicit individuals’  
preferences for a given change in an ecosystem service. In principle, SP methods can be 
applied in a wide range of contexts because they are useful for estimating non-use values as a 
significant component of overall TEV for ecosystem services. The main options in this 
approach are contingent valuation and choice modelling (Adamowicz et al., 2004; Bateman, 730 
2007; Whitehead et al., 2008; Bateman et al., 2011) 
Contingent valuation method (CVM) is one of the most prevalent SP approaches 
(Bateman et al., 1995; Del Saz-Salazar and Guaita-Pradas, 2013) to estimate the total value 
(use and non-use value of an environmental good or service) (Carson and Hanemann, 2005, 
Edwards and Anderson, 1987; Freeman, 1979). This method inquires respondent’s WTP for 735 
the change in environmental quality (e.g., hypothetical improvements in water quality) 
through the survey instrument in assessing the impact of the policy change on individual 
welfare (Chien et al., 2005). Given that the responses to a contingent valuation study are 
usually treated as random variables, a random component is incorporated into the individual’s 
utility function and the probability of survey response is linked to the WTP distributions 740 
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based on the assumption that a respondent maximizes his utility (Carson and Hanemann, 2005; 
Hoyos and Mariel, 2010).  
Two popular dichotomous choice question formats (single-bounded (SB) and double-
bounded (DB)) are applied in this thesis in order to elicit WTP for the quality change in 
ecosystem services. This dichotomous choice (DC) format (referendum or closed-ended) 745 
gained considerable acceptance in the literature because of its incentive compatibility (i.e. it 
induces respondents to reveal their true preferences) and its substantial simplification of the 
cognitive task faced by respondents (Hoyos and Mariel, 2010). In the SB format respondents 
are asked for a yes-no answer to the WTP question attempting to identify if their true values 
are lower or higher than a given bid. The DB format, on the other hand, includes two payment 750 
questions, offering two different bids. If the first bid is accepted (rejected), a higher bid (a 
lower bid) is proposed in the follow-up question so that an individual can make a decision 
whether he agrees to accept or reject the proposed bids. Since the individual’s WTP can be 
below or above a bid amount or between the two bid amounts, the double-bounded model 
could have the potential to identify the WTP location more accurately, hence improving the 755 
estimates (Gelo and Koch, 2015). Therefore, this method can directly provide a monetary 
(Hicksian) measure of welfare associated with a discrete change in water quality (Haab and 
McConnell, 2002). 
The double-bounded dichotomous choice (DBDC) contingent valuation (CV) method 
might, however, cause undesirable response effects, known as shift, anchoring, and yea-760 
saying effects (Alberini et al., 1997; Herrridges and Shogren, 1996; Whitehead, 2002; 
Deshazo, 2002; Flachaire, 2006; Watson and Ryan, 2007). Cameron and Quiggin (1994) 
indicated that despite the high correlation between the WTP distributions signified by the first 
and second bids, the WTP distributions are not equivalent in the double-bounded model. This 
is because the variance from the second WTP estimate is larger than the first. The offer of the 765 
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second bid could, in addition, surprise respondents due to their unfamiliarity with the 
institutional design of the DBDC CV method, thus causing diverse strategic answers 
(anomalous preferences) and less precise WTP estimates (Cooper et al., 2002; Bateman et al., 
2008). Compared to the DB format, the SB format is less complex to survey and to analyze 
the data, and is relatively free from potential preference anomalies such as anchoring and shift 770 
biases that the DB format has (Hanemann et al., 1991; Bishop and Heberlein, 1979). This 
method, however, has potential problems about proxy variables, e.g., attitudes toward and 
satisfaction levels for an environmental quality change as important determinants of WTP. A 
proxy variable based on subjective experience of environmental quality changes may be 
influenced by the unobserved characteristics of respondents, which affect their WTPs. If the 775 
unobserved characteristics are correlated with both the subjective experience variable and the 
WTP, the coefficient of the variable will be biased in a WTP model. This is defined as the 
endogeneity bias (Whitehead, 2006). In other words, any WTP models with the existence of 
endogeneity bias would provide inconsistent parameter estimates (Martínez-Espiñeira and 
Lyssenko, 2011). These problems, i.e. anomalous preferences and endogeneity bias in CV 780 
data are dealt with in our article 2 and 3 respectively. 
1.3.3 Research objectives 
Despite the various water policy reforms for managing water ecosystems and services, 
including 1) the introduction of an additional water use charge in 1999 (payment that lowland 
water users make for highland residents to reduce highland agricultural intensification), and 2) 785 
vast investments in water pollution treatment facilities, water problems such as the 
degradation of water quality and aquatic ecosystems (biodiversity) are still encountered, 
consequently resulting in a serious loss in social welfare. This indicates that the current water 
policy needs to be changed. A few studies have, in addition, tried to identify and control the 
negative effects that CVM has (Alberini et al., 1997; Herrridges and Shogren, 1996; 790 
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Whitehead, 2002; Deshazo, 2002; Flachaire, 2006; Watson and Ryan, 2007; Cameron and 
Quiggin, 1994), but most of them show that controlling for those biases in CVM using the SB 
and DB dichotomous choice question formats may lead to a loss in efficiency and estimate 
precision (Gelo and Koch, 2015).  
Therefore, the main objectives of this thesis are 1) to review the evolution of 795 
contemporary water policies in South Korea and their challenges as well as providing 
recommendations on the formulation of new policies of managing water ecosystem services; 
2) to examine and correct those biases (anchoring, shift, yea-saying effects, endogeneity bias) 
in WTP data for the water policy from the DC CVM; 3) to estimate those total benefits based 
on the CB analysis along with eliciting households’ WTP for conservation and improvement 800 
in water ecosystems and services. Those benefits derived by the implementation of the policy 
are able to be regarded as water ecosystem service values and practical solutions (adequate 
financing available to effectively manage water quality and aquatic ecosystems) that would be 
useful for the water management can be also provided through the CB analysis.   
1.4 Research main outputs  805 
1.4.1 Paper 1:  
Water Policy Reforms in South Korea: A Historical Review and Ongoing 
Challenges for Sustainable Water Governance and Management 
This study aims to provide an opinion on the state-of-the-art of changes and reforms of water 
policies in South Korea, as well as the challenges along with their implications for 810 
sustainable water governance and management. In parallel with change in water resource 
characteristics generated by physical, environmental and socio-economic challenges such as: 
(1) uncertainties about climate change (flooding and drought) including seasonal and 
regional variation in precipitation; (2) significant increase in water use caused by rapid 
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urbanization and population growth in industrialized urban areas; (3) inadequate water 815 
pricing mechanism which covers only around 80% of the production cost and makes it 
harder to maintain water systems; and (4) recursive water quality degradation and conflicts 
over water rights between regions resulting from non-point source pollution in highland 
versus lowland areas, Korean water policies have been developed through diverse reforms 
over 100 years. Nevertheless, new challenges for sustainable water management are 820 
continuously emerging. To meet those challenges we provide two ideas: (i) provider-gets-
principle (payment for ecosystem services) of cost-benefit sharing among stakeholders who 
benefit from water use; and (ii) water pricing applying full-cost pricing-principle 
internalizing environmental externalities caused by the intensive water use. Funds secured 
from the application of those methods would facilitate: (1) support for upstream (rural) low 825 
income householders suffering from economic restrictions; (2) improvement in water 
facilities; and (3) efficient water use and demand management in South Korea’s water 
sectors. We expect that this paper can examine the lessons relevant to challenges that South 
Korea faces and offer some implications on the formulation of new integration and further 
reforms of the institutions, laws and organizations responsible for managing water resources 830 
in South Korea. 
1.4.2 Paper 2:  
Willingness to Pay for a Highland Agricultural Restriction Policy to Improve 
Water Quality in South Korea: Correcting Anomalous Preference in Contingent 
Valuation Method 835 
This study examines the willingness to pay (WTP) for the highland agriculture restriction 
policy which aims to stabilize the water quality in the Han River basin, South Korea. To 
estimate the WTP, we use a double-bounded contingent valuation method and a random-
effects interval-data regression. We extend contingent valuation studies by dealing with the 
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potential preference anomalies (shift, anchoring, and inconsistent response effects). The result 840 
indicates that after the preference anomalies are corrected, the statistical precision of 
parameter estimates is improved. After correcting the potential preference anomalies, 
estimated welfare gains are on average South Korean currency (KRW) 2,861 per month per 
household. Based on the WTP estimate, the total benefits from the land use restriction policy 
are around KRW 297.73 billion and the total costs are around KRW 129.44 billion. The net 845 
benefit is, thus, around KRW 168.29 billion. This study suggests several practical solutions 
that would be useful for the water management. First, a priority should be given to the valid 
compensation for the highland farmers’ expected income loss. Second, it is necessary to 
increase the unit cost of the highland purchase. Third, wasted or inefficiently used costs (e.g., 
overinvestment in waste treatment facilities, and temporary upstream community support) 850 
should be transferred to the program associated with high mountainous agriculture field 
purchase. Results of our analysis support South Korean legislators and land use policy makers 
with useful information for the approval and operationalization of the policy. 
1.4.3 Paper 3:  
Economic Valuation of the Aquatic Biodiversity Conservation in South Korea: 855 
Correcting for the Endogeneity Bias in Contingent Valuation 
In this study, we use the Contingent Valuation (CV) method to estimate households’ 
willingness to pay (WTP) for the aquatic ecosystem health (biodiversity) improvement. This 
paper extends CV studies by dealing with the endogenous effect of a proxy variable, namely 
the subjective experience of negative environmental quality changes. The results show that 860 
the correction for the endogeneity bias facilitates the efficiency of parameter estimation in the 
empirical model. The mean WTP per household accounts for around 46.8% (KRW 79.6) of 
the current water use charge (KRW 170 per cubic meter). The total benefit from conserving 
the biodiversity is around KRW 198.62 billion. We found several factors that affect 
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households’ WTP for fish biodiversity conservation, suggesting the importance of these 865 
factors in the formulation of water policies associated with aquatic biodiversity. In addition, 
the inefficient water management costs should be redistributed to other projects or new 
programs such as for the fish biodiversity conservation. 
 
1.5. Discussion   870 
The results presented in paper 1 demonstrate that the challenges in managing water resources 
are not constant over time. It is also hard to derive the exact magnitude and reliable 
implications in terms of water management and other associated impacts (Biswas, 2001; 2004; 
2008). Although many changes in water policies have been undertaken in South Korea, and 
other countries, there are still many challenges that need to be solved. These include 875 
environmental and physical, socio-economic challenges. 
The seasonal and regional characteristics of water resources in South Korea such as 
the concentration of approximately 69% of the annual precipitation in the summer, monsoon 
climate with regular landings of typhoons (MOLIT, 2011), and large differences in 
precipitation along river basins (Koo et al., 2015; Lee, 2012) represent environmental 880 
challenges to make the country highly vulnerable to seasonal oscillation between floods and 
droughts, which make water quality worse and threaten ecosystems in river basins. Since 
1999, chemically contaminated turbid water problems have continuously occurred along the 
Han River Basin. For example, the heavy rains during Typhoon Ewiniar in 2006 led to the 
export of massive quantities of sediments to the Soyang Lake and, in turn, led to long-term 885 
turbid water discharge problems along the Han River Basin (Shin et al., 2009) when high soil 
erosion occurred in mountainous agricultural areas. Consequently, it has caused frequent 
conflicts over the responsibility for water quality management (water rights) among up-, mid-, 
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and downstream along the river basin, showing that existing water quality management 
policies are facing challenges (Kim and Jeong, 2011). 890 
There is, accordingly, a growing need for a new allocation system of costs and 
benefits related to water supply and water quality improvement. However, an important 
obstacle to attain the goals around the world has been the failure to adequately address 
financial challenges such as the costs of attaining goals, how to achieve lower costs and more 
efficiency, matching costs with available resources, which framework for and how to 895 
implement the cost-benefit sharing (OECD, 2007). It is obvious that economic instruments 
based on economic analysis of water uses such as water pricing play a vital and very effective 
role in financing water resources management. However, additional issues caused by applying 
the economic instruments such as the role of private sectors (and all stakeholders) and how to 
elicit benefits from water services that are not traded in real markets should be considered on 900 
a case-by-case basis.  
In South Korea, the Han River basin is a major drinking water source and provides 
many tangible and intangible benefits to its mid- and downstream (Seoul metropolitan) areas. 
Partly from the benefits provided by the basin, the mid- and downstream areas have been 
economically developed while the upstream areas have not. Despite the implementation of the 905 
water use charge policy to support communities and their people in the upstream areas, some 
problems regarding equal distribution of the benefits of using water resources between river 
basin stakeholders remain (Choi et al., 2016; Shin et al., 2016). It is necessary to pay closer 
attention to upstream areas’ roles as a provider of water services such as the improvement of 
water quality and conservation of aquatic ecosystems, along with the provision of safe and 910 
stable water supplies to the mid- and downstream areas. The benefits that the upstream areas 
lose should be compensated (Choi et al., 2016) based on the provider gets principle, i.e., 
payment for ecosystem services (Hanley et al., 1998; Mauerhofer et al., 2013).  
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The results presented in paper 2 show that in comparison with the naïve (base) model 
which does not consider a possible preference anomaly, the shift effect (δ) model which 915 
introduces a dummy variable (Dj) has a negative sign of the variable (δ = −1273.20) (a 
downward shift in WTP, δ < 0). This indicates that the shift model is improved. To grab the 
anchoring bias that respondents’ answers to the second payment questions may be affected by 
the first bids, we consider the concurrent existence of both shift and anchoring effects in the 
shift–anchor model. As a result in this model, the anchoring effect is positive and statistically 920 
significant. This corresponds to the assumption of the standard anchoring effect model which 
shows the presence of anchoring bias. Finally, the result of the shift–anchor–inconsistency 
model which considers the combination of anchoring, shift, and inconsistent response effects 
indicates that as well as the accordance with the assumption of the standard shift and 
anchoring effect models, the inconsistent response effect is positive (U = 0.06) (a upward 925 
shift in WTP). This implies that the yea-saying effect is statistically significant. 
We performed the log-likelihood test in order to evaluate the model fit between the 
models. The results show that the shift–anchor–inconsistency model considering all of the 
potential preference anomalies such as shift, anchoring, and inconsistent response effects has 
a statistically more significant improvement in model fit. Based on this model, the monthly 930 
average WTP per household was estimated at KRW 2,861, resulting in sharp decline in the 
WTP value by 41.8% (around KRW 2,053) compared to that of the naïve model (around 
KRW 4,913), which does not consider any preference anomaly. This result indicates not only 
that as each of the potential preference anomalies is corrected, the log likelihoods increased 
and the WTP values decreased, but also that correcting shift, anchoring, and inconsistent 935 
response effects simultaneously contribute to increasing the goodness of fit of the model, 
consequently deriving much better or more reliable WTP estimates.  
We calculate the total benefit generated by the highland agriculture restriction policy 
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and compare the benefits to the costs associated with land use policies to protect and improve 
water quality supported by the water use charge in the basin. The result of calculated benefits 940 
to the mid- and downstream areas obtained from the land use restriction policy in the 
upstream areas. Based on the population (approximately 8.7 million households living in the 
mid- and downstream areas in 2013), the total benefits are calculated to be around KRW 
297.73 billion per year. The downstream residents had the highest benefits at around KRW 
156.20 billion per year and the midstream residents’ benefits were around KRW 141.53 945 
billion per year.  
The implementation of the highland agriculture restriction policy aiming at water 
quality improvement patently restricts economic activities of the upstream residents including 
farmers. Instead, the mid- and downstream residents are entirely benefited by the policy for 
the improvement of water conditions. Based on this circumstance, the water use charge is 950 
mainly used for community support programs in upstream areas of the basin, upstream 
farmland purchase and riparian zone management, construction and operation of waste 
treatment facilities. We considered the costs of the upstream farmland purchase and riparian 
zone management as a comparison item with the total benefits. In 2013, the costs were around 
KRW 129.44 billion and accounted for 29.8% of the total charge, the second largest 955 
proportion after the construction and operation of waste treatment facilities. Results of the 
benefit–cost analysis show that the net benefit is around KRW 168.29 billion. 
The costs related to the upstream farmland purchase and riparian zone management in 
2013 increased double compared to that in 2012 (Han River Management Committee). This 
indicates that, to prevent the high soil erosion from highland agricultural fields, as a prime 960 
pollutant, from inflowing to the basin, the investment in purchasing upstream farmland has 
gradually increased. However, many of the upstream lands purchased (non-farming areas) are 
not relevant to the highland agriculture. Since the highland farmers who actually earn their 
 ２６ 
 
income from such summer crop production have a deep concern for their heavy income loss, 
most of them do not want to give up farming in the highlands. 965 
To improve the negotiation for practical purchase of the high mountainous agricultural 
fields, valid compensation for the highland farmers’ income loss should be a high priority. To 
realize this, more money should be spent on highland purchase. Operational problems of the 
water use charge along with frequent turbid water discharge problems in the basin exist. 
Wasteful and inefficient fund use for water quality control, e.g., overinvestment in waste 970 
treatment facilities and temporary expedients for supporting upstream communities, has been 
criticized by all local communities in the Han River basin (Kim, 2012; SMG, 2014). If these 
inefficiently used costs could be invested in other items such as the highland agriculture field 
purchase and riparian zone management, problems in terms of financing would be to some 
extent resolved. 975 
The results presented in paper 3 indicated that based on the Wald test in Model 2 
considering the endogeneity bias in the dichotomous choice question format, the null 
hypothesis that the correlation coefficient, ρ , among the two dichotomous variables 
experience and acceptance is equal to zero is rejected. Model 2, thus, results in a statistically 
significant improvement in model fit compared to Model 1 which does not consider the 980 
endogeneity bias.  
The parameters of the explanatory variables estimated from Model 2 are associated 
with the correlation between the error terms of the experience and acceptance equations. In 
other words, if the respondents have the subjective experience of the negative aquatic 
ecosystem changes, the presence of their unobserved characteristics is more likely to 985 
encourage the variables to advocate the aquatic biodiversity conservation (positive effect). If 
the unobserved characteristics leading to the endogeneity bias are, however, corrected, the 
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sign of the effect of experience turns negative. It is assumed that despite the contribution of 
the mid- and downstream residents to the water use charge aiming at water quality control, 
many of them have observed and heard about the damage from contaminated turbid water to 990 
aquatic biota. It makes them skeptical about the effectiveness of the water use charge policy. 
Thus, they have a fairly negative attitude toward any levies on new programs. 
For the elicitation of households’ WTP for the aquatic biodiversity conservation in the 
Han River basin, based on Model 2, the proportion of the monthly mean WTP per household 
was estimated at around 46.1% (KRW 78.4) of the current water use charge (KRW 170 per 995 
cubic meter), which was around 8.2% (KRW 13.9) higher than that of Model 1 (around 
38.0%, KRW64.6). After accounting for the correlation (endogeneity bias) between the 
experience and the error terms in the WTP model, each of the parameters of the explanatory 
variables changed. The effect of correcting the endogeneity bias could be dependent on the 
size of the relevant target population, which means the change in the mean WTP affecting 1000 
policy decision making could be different for the level of the correction effect according to 
the relevant population (Martínez-Espiñeira and Lyssenko, 2011). 
It apparently seems that the mid- and downstream residents gain a lot of benefits from 
the fish biodiversity conservation seeking aquatic ecosystem improvement, whereas the 
upstream residents do not. Under these circumstances, the total benefits from the conservation, 1005 
are calculated in our study. Based on the water use charge (KRW170 per cubic meter) in 2014, 
the actual payments of mid- (Gyeonggi-do) and downstream areas (Seoul, Incheon) were at 
around KRW 193.93 billion and KRW 230.48 billion, respectively. Based on the proportion 
(46.1%, KRW 78.4) of the monthly mean WTP per household estimated in this study and the 
regional real payments for the water use charge, the total benefits were calculated to be 1010 
around KRW195.65 billion per year. The residents in the downstream areas obtain the highest 
benefits at around KRW 106.25 billion per year. The benefits of the midstream residents are 
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around KRW 89.40 billion per year. 
Despite the implementation of the water use charge since 1999, there are still some 
problems regarding the distribution of the benefits along with contaminated turbid water 1015 
resulting in the degradation of aquatic biodiversity. The inflow of massive soil loss from the 
highland fields to the basin is regarded as the primary non-point pollution sources which 
negatively affect water quality and aquatic biodiversity. To solve this problem, land use 
management in the highland fields such as the upstream farmland purchase should be a 
priority among all the programs supported by the water use charge. In particular, a 1020 
preferential purchase of the highland vegetables fields, which have more than 15
0
 slope 
causing severe soil erosion, can reduce soil losses by more than eighty-fold (Jung, 2005). This 
is consequently likely to decrease nutrient runoff (N, P2O5, K2O) and pollution intensity of 
turbid water (SI), resulting in improvement of aquatic ecological health (FAI) in the basin. 
Our paper 2 (2016) showed that the total benefits derived by the implementation of the 1025 
highland agriculture restriction policy are much higher than the costs related to land use 
management policies. This means that the economic activities of the upstream areas are 
patently restricted by the land use policy, while the mid- and downstream areas have the total 
benefits from the policy. Based on this result, the land use policy may significantly contribute 
to aquatic biodiversity improvement resulting in a considerable increase in social welfare. 1030 
However, the actual purchase of the upstream vegetable fields, the major source of 
non-point pollution, has not been implemented well. This is because due to the concern for a 
significant income loss, highland farmers are not willing to abandon their summer crop 
cultivation which is a major source of their income. To improve and conserve the aquatic 
biodiversity (ecosystems) in the basin, it is necessary to take further measures including 1035 
increase in the (unit) costs for the highland purchase (Choi et al., 2016). 
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Since interest in aquatic ecosystem services has increased along with frequent turbid 
water discharge problems, there is a growing need for aquatic biodiversity conservation aimed 
at improving both aquatic ecosystems and social welfare. It is, thus, necessary and very 
important to more actively implement highland farmland purchases for aquatic biodiversity 1040 
(ecosystem) conservation and improvement in the basin. If the practical costs could be 
reallocated to new or other items such as the highland purchase program, ongoing disputes 
between stakeholders regarding operation or management of the water use charge would be 
settled. 
 1045 
1.6. Conclusion and policy implication 
Over 100 years, South Korea has developed water management policies through continuous 
responses to specific socio-economic conditions as described above and must be viewed as a 
series of stepwise reforms. Nevertheless, persistent and new water challenges emerge, 
including the need for an acceptable water quality in many regions, insufficient and 1050 
ineffective practical implementation of the water management system (sharing of benefits and 
costs). We suggest that there is a need for a new sharing criterion on benefits and costs of 
water policies, e.g. water quality improvement and aquatic biodiversity conservation between 
up- and downstream areas based on the provider gets principle considering provision of 
environmental services (payment for ecosystem services). Long-term problem solutions 1055 
require greater investments, new sharing principles and institutions to address the risks, 
uncertainties and conflicts over water quality and aquatic biodiversity in South Korea.  
In order to make practical land use restriction policies for water quality improvement 
and aquatic biodiversity conservation, the valid compensation for the highland farmers’ 
income loss is necessary and this could be realized through increase in the unit cost of the 1060 
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highland purchase. In terms of financing arrangement, wasted or inefficiently used costs (e.g., 
overinvestment in waste treatment facilities, and temporary upstream community support) 
should be spread across other cost items, in particular over the purchase program of the high 
mountainous agriculture fields. The results of our analysis provide South Korean legislators 
and land use policy makers with useful information for the approval and operationalization of 1065 
the policy. 
Due to harm of the contaminated turbid water to aquatic biota, more positive highland 
purchases to improve and conserve aquatic biodiversity (ecosystem) is becoming a necessity 
in the basin. Obviously, the land use management policy contributes to preventing massive 
soil loss from the highland vegetable fields and its inflow to the basin. Above all, the 1070 
purchase of the highland vegetable fields having steep slopes (more than 15
0
) and causing 
drastic soil erosion (more than 8 times) is significantly able to contribute to maintaining a 
good aquatic ecological balance (biodiversity) of the basin by reducing the stress of fish 
habitats and improving fish diversity.  
Although the benefits from aquatic biodiversity improvement should be equally 1075 
distributed among stakeholders in the basin, the mid- and downstream areas have almost all 
the benefits. On the contrary, the upstream areas (highland farmers) are under restrictions of 
their economic activities. For the efficient implementation of the highland vegetable field 
purchase, it is necessary that appropriate compensation for the abandonment of their highland 
cultivation causing significant income loss is guaranteed through practical measures such as a 1080 
rise in unit costs for the highland purchases. To settle contentious issues on operation or 
management of the water use charge, reallocation of the realistic costs to the highland 
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Abstract: This study aims to provide an opinion on the state-of-the-art of changes and 
reforms of water policies in South Korea, as well as the challenges along with their 
implications for sustainable water governance and management. In parallel with change in 
water resource characteristics generated by physical, environmental and socio-economic 1405 
challenges such as: (1) uncertainties about climate change (flooding and drought) including 
seasonal and regional variation in precipitation; (2) significant increase in water use caused by 
rapid urbanization and population growth in industrialized urban areas; (3) inadequate water 
pricing mechanism which covers only around 80% of the production cost and makes it harder 
to maintain water systems; and (4) recursive water quality degradation and conflicts over 1410 
water rights between regions resulting from non-point source pollution in highland versus 
lowland areas, Korean water policies have been developed through diverse reforms over 100 
years. Nevertheless, new challenges for sustainable water management are continuously 
emerging. To meet those challenges we provide two ideas: (i) provider-gets-principle 
 ４１ 
 
(payment for ecosystem services) of cost-benefit sharing among stakeholders who benefit 1415 
from water use; and (ii) water pricing applying full-cost pricing-principle internalizing 
environmental externalities caused by the intensive water use. Funds secured from the 
application of those methods would facilitate: (1) support for upstream (rural) low income 
householders suffering from economic restrictions; (2) improvement in water facilities; and (3) 
efficient water use and demand management in South Korea’s water sectors. We expect that 1420 
this paper can examine the lessons relevant to challenges that South Korea faces and offer 
some implications on the formulation of new integration and further reforms of the 
institutions, laws and organizations responsible for managing water resources in South Korea.  
 
2.1 Introduction 1425 
Water systems are of vital importance for human well-being, providing many benefits to 
society in terms of water-related resources and services. For a long time, water policies have 
rapidly evolved in response to the ever-increasing demands that are being made on finite 
water resources in many parts of the world [1,2]. However, many countries worldwide still 
face significant challenges in managing their scarce water resources because of 1430 
industrialization, urbanization, and the potential effects of climate change [3]. Due to 
population pressure caused by the industrialization and urbanization as the major factors for 
the economic growth, agricultural intensification with high external inputs of agrochemicals 
has been promoted, consequently leading to increasingly degraded water quality in many 
parts of the world [4], and climate change has increased spatial and temporal variations in 1435 
water availability [5]. There are, in addition, many key water policies, institutions, and laws 
that are outdated and not effectively or equitably enforced [6]. Therefore, there have been 
many calls for water policy reforms in a number of countries [7], since current water 
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governance systems fail to provide essential water services and to balance environmental, 
social, and economic concerns [8–11].  1440 
South Korea is no exception to these water management challenges. Over the last 
several decades, the country has gained a surprisingly high level of economic growth with an 
average annual rate of the Gross Domestic Products (GDP) of 8.5% [12]. However, the 
economic growth is achieved at the expense of the environment [13,14], such as water 
shortages and water quality degradation [15], which became severe during 1990s [16]. The 1445 
rapid expansion of the economy has resulted in serious degradation of water supplies and 
ecosystems from municipal, industrial and agricultural pollution. Population and industrial 
growth have placed increased pressures on limited available water resources, creating water 
use conflicts between stakeholders [17]. Despite the fact that various water policy reforms 
have been undertaken, including the introduction of an additional water use charge in 1999 1450 
for lowland water users to pay for highland residents to reduce highland agricultural 
intensification, and that vast investments in water pollution treatment facilities have been 
made, water pollution problems are still encountered [18,19], indicating that the current water 
policy needs to be changed. 
In order to provide policy makers and planners facing water management challenges 1455 
in South Korea, this paper reviews the evolution of contemporary water policies in the 
country and the challenges along with their policy implications. Our review is an attempt to 
provide an overview and perspective on the history of water policy in South Korea and to 
discuss the drivers of water policy changes that have occurred. As stated by Moore et al. 
(2014) [20], understanding how policies change and the following effect on society is 1460 
important as governments, civil society, and industry look to address growing water quantity 
and quality concerns. Increasing conflict associated with outdated or inadequate water 
allocation systems, and the need to consider the multiple interests of different water related 
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stakeholders, coupled with the growing industrial, agricultural and urban demand for fresh 
water, are all driving an interest in water policy reform [21,22]. Hopefully, this paper is able 1465 
to examine the lessons related to South Korea’s challenges and provide recommendations on 
the formulation of new water policy in South Korea. 
Our paper is structured as follows. After this Introduction Section, Section 2 examines 
physical, socio-economic and environmental characteristics of water resources. Section 3 
reviews water policy reforms that have been undertaken since the colonial period started in 1470 
1910. Section 4 discusses the challenges and implications for water policy. Section 5 finally 
summarizes. 
 
2.2 Characteristics of Water Resources in South Korea 
2.2.1 Physical Characteristic 1475 
South Korea is located in East Asia on the south part of the Korean peninsula, which is 
surrounded by the three seas: the Yellow (West) Sea, the South Sea, and the East Sea. The 
longitude of the country lies between 124◦ and 132◦. Its latitude is between 33◦ and 42◦. This 
geographical location is a very significant part of determining the climate of the country 
which is classed as having four distinct seasons and a continental or temperate monsoon 1480 
climate [23]. 
The country has a land area of around 99,596 km2, and mountainous terrains which 
cover about 70% of the country’s territory [24]. Most of the high mountains are located in the 
east area of the country and drop sharply to the East, while their height is gently lowered to 
the West and the South. That is why main four rivers run into the West (Yellow) Sea and the 1485 
South Sea (see Figure 2.1) [23,25]. The Han River (length of 481.7 km, basin area of 26,018 
km2) is the largest one of South Korea and flows through Seoul (largest population) 
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metropolitan areas including Inchon (third) to the West Sea. The Nakdong River (length of 
506.17 km, basin area of 23,384 km2) which is the longest one of the country flowing to the 
South Sea accommodates two metropolises: Busan (second) and Daegu (fourth) and several 1490 
industrial cities. The Geum River (length of 394.79 km, basin area of 9912.15 km2) begins 
from the central area of the country and ends in the West Sea. Daejeon and Sejong (fifth) 
belong to this basin. The Yeongsan River (length of 115.5 km, basin area of 3371 km2) is a 
river in southwestern South Korean. It runs through Gwangju (sixth) and eventually flows 
into the Yellow Sea [23]. 1495 
Figure 2.1 The four major river basins in South Korea. 
As mentioned earlier, due to the Korean geographical situation in a temperate climate 
zone at the middle latitude of the Northern Hemisphere, the country has four different seasons 
(see Table 2.1). The winter (December to February) of the country is influenced by 1500 
predominantly cold and dry northwesterly winds resulting from the Siberian high pressure 
system. Droughts in spring (March to May) are accompanied with northeasterly winds due to 
the influence of migratory anticyclones (Yangtze air mass), which brings clear and dry. In 
 ４５ 
 
summer (June to August), the influence of the North Pacific high-pressure system brings hot 
and humid weather [23]. 1505 
South Korea has an annual precipitation of 1277.4 mm on average (1973–2007), 
which is 1.6 times more than the world’s average precipitation of 807 mm. The annual 
precipitation per capita (2660 m3) is, however, only one-sixth of that of the world (16,427 m3) 
[26]. The 10-year average precipitation has shown a gradual increase by average 2.1% from 
1103 mm in 1900s to 1350 mm in 2000s. The range of fluctuation in precipitation has been 1510 
also growing such as minimum 754 mm in 1939 and maximum 1756 mm in 2003. More than 
half of the annual precipitation is concentrated during the rainy season including the summer 
monsoon and typhoons (June to September) which often result in flooding and damage to life 
and property. Only one-fifth, on the other hand, falls in a dry period (see Table 2.1) 
(November to April). This is mainly causing severe droughts and flooding [23,27]. During 1515 
this period, there are also large differences in precipitation along regions and river basins due 
to rainfall patterns [28,29]. The annual precipitation ranges from 1100 mm to 1800 mm in the 
south and east areas around the Han River and Yeongsan River, while that of the central parts 
around the Geum River and the Nakdong River ranges from 1100 mm to 1400 mm [23,27]. 
Table 2.1 Korean seasonal weather distinction (1973 to 2007). 1520 
Season1 Winter Spring Summer Fall Sum 
Month Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov 
Weather2 Cold, Dry Mild, Dry Hot, Humid Serene, Dry 

































































Note: The numbers in parentheses are the proportions of each contents, respectively. 
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Total amount of water resources of the country is 129.7 billion m3, as shown in Figure 
2.2 (100%). The renewable water resources are, however, estimated at slightly more than half 
(58%, 75.3 billion m3). These are mostly discharged during the rainy period (June to 
September, 56.0 billion m3). In particular, heavy rains of the summer monsoon and typhoons 1525 
cause floods in downstream urban areas of the four major river basins (see Figure 2.1). For 
human activities, no more than 33.3 billion m3 (26%) is used and 42 billion m3 (32%) flows 
directly to the sea due to the steep slope of high mountains and shallow layers of topsoil. The 
remainder (42%, 54.4 billion m3) is estimated to be lost by evaporation and transpiration 
(Figure 2.2) [26]. 1530 
 
Figure 2.2 Utilization of water resources in South Korea. All the values are estimates from a 




2.2.2 Socio-Economic Characteristics 1535 
Figure 2.3 demonstrates that the nominal GDP of South Korea has increased from United 
States dollar (USD) 3.1 billion in 1965 to more than USD 1410.0 billion in 2014, with an 
annual average growth of 14.2% [30]. Along with the rapid economic growth, the country has 
faced considerable changes in industrial structure. For example, between 1960s and 1970s, 
total added value of the prime industry including agriculture to GDP had the highest ratio 1540 
(28%). Through export-oriented industrialization and economic growth, its ratio significantly 
decreased to 2.8% in 2012. The ratio of that of the manufacturing industry such as heavy 
chemical and service industry inducing manufacturing business, on the other hand, increased 
from 16.9%, 40.4% in 1970 to 28.0%, 52.4% in 2012 respectively [31]. 
The population of South Korea is around 50.7 million in 2014 and its density is 1545 
around 506 persons/km2 [32], which makes it one of the world’s most densely populated 
nations [33]. Between 1960 and 2010, the population increased with an annual average of 7.0% 
from about 25 million to 48.6 million. It is noteworthy that the population in urban areas has 
increased from 28.0% (7.0 million) of the total population in 1960 to 81.9% (39.8 million) in 
2010. As shown in Figure 2.4, the Seoul (capital) metropolitan area, which covers only 11.8% 1550 
of the nation’s total land area, accounts for 49.1% of the total population (approximately 23.8 
million) [32]. This remarkable population movement was promoted by industrialization and 
urbanization, which can provide better social and economic opportunities such as income and 




Figure 2.3 Trends in normal GDP and total amount of water use. Total amount of using water 
in 2011 is a value estimated by the Ministry of Land, Infrastructure, and Transportation based 
on current water consumption trends 
 
Figure 2.4 Population changes in rural and urban areas in South Korea. Urban areas are cities 1560 
which have the population of more than 50,000. The Seoul metropolitan area includes Seoul 





2.2.3 Environmental Characteristics 1565 
In South Korea, water quality degradation in river basins has been a main factor influencing 
policies for water resources. The country is heavily dependent on river basins as the primary 
water source for human activities (around 90% dependency), which often causes the 
degradation of water quality [8], such as major drinking water contamination events in the 
early 1990s. Based on biochemical oxygen demand (BOD), indicating how fast biological 1570 
organisms consume oxygen in water (good quality water in a low level, polluted water in a 
high level), change in water quality of the four main rivers is shown in Figure 2.5. Through 
intensive construction of treatment facilities in the mid-1990s, the water quality of the four 
river basins has improved. Water quality improvement has, however, slowed since the 2000s. 
The water quality in the Han River has been relatively stable below 1.5 mg/L of BOD 1575 
concentration, while that in the Nackdong River and the Geum River have been even more 
variable. The level of water pollution in the Youngsan River has remained high [34].  
Non-point source pollution has become main factors of making it harder to manage 
water quality in the river basins. In particular, there is a large difference in water quality 
between up- and downstream areas. Upstream areas of the main river basins have clean water 1580 
(BOD concentration below 1 mg/L in general). There is a gradual decline in water quality 
from the midstream (BOD concentration in the range of 1.6 to 2.4 mg/L in general) to 
downstream areas (BOD concentration in the range of 1.7 to 2.9 mg/L in general) as 





Figure 2.5 Change in water quality per year and change in water quality of 2012 between up‐ 
and downstream areas of the four major river basins. 
 
2.3 Water Policy Reforms in South Korea 1590 
Due to those physical, socio‐economic and environmental characteristics of water resources 
in South Korea, it is essentially needed for the country: (1) to mitigate flood risk; (2) to store 
water for uses in the other seasons; and (3) to protect or conserve water quality in the river 
basins. These feature in the fact that water policy has been the most important concerns all the 
time. The contemporary water governance of the country can be classified into the following 1595 
periods: (i) the Japanese colonial period from 1910 to 1945; (ii) the postwar recovery period 
from 1945 to 1959; (iii) the modern river basin governance system development from 1960 to 
1989; and (iiii) the comprehensive management of water resources: environment‐friendly 
river basin development from 1990 to the present (Table 2.2) 
Table 2.2 Historical water policy changes and reforms in South Korea. 1600 
Period Features Problems 
Japanese colonial 
period (1910–1945) 
Construction of hydropower dams in North Korea for industrial 
development and irrigation dams in South Korea for land 
cultivation  
Mainly focused on 
stable food and energy 






Lack of electric power provision due to North Korea’s interruption 
to power supply after liberation from Japan  
Limited effectiveness of 
the program and a 
single purpose 
development project at 
regional focus (low 
population density and 
predominance of small-
scale industry) 
Establishment of a 5-year Electric Power Development Plan 
Construction of 158 new irrigation dams 
- To stabilize energy supply, food production, and economic 
development 




Promulgation of River Basin Law focusing on water supply and 
flood control (1961) 
Deterioration of water 
quality in all water 
basins (high-intensity 
use of river as a 
resource utilized for 
economic growth) 
Establishment of the Ten-Year Comprehensive Water Resource 
Development Plan(1966–1975) and Specific Multipurpose Dam Act 
(1966)  
- Foundation of the Korea Water Resources Development 
Corporation (1967) 
Adoption of the first comprehensive river basin development 
concept with attention to in-land navigation 
- Beginning of broad-scale river basin investigations into the 
four major river basins (Han, Nakdong, Keum, Youngsan) 
Revision of the River Basin Law (1971) 
Formulation of the Four Major River Basin Comprehensive 
Development Plan (1971–1981) 
- Securing sufficient water supply for urban areas and 
irrigation projects for rapid economic growth 
- Conversion from a single- to multiple-purposes dam 
construction  
- Contribution to the development of large urban centers 
Establishment of the Comprehensive Long-term (1981–2001) Water 
Resource Development Plan (1980) 
- A sharp rise in water demand and an actual water shortage 
during 1970s due to rapid industrialization and population 
growth 
- Construction of additional 249 reservoirs 
Comprehensive 






Tap water contamination and other environmental accidents 
(Trihalomethanes in 1990, Phenol in 1991, etc.) 
A growing need for 
improvement and 
reorganization of water 
management system 
and institutions  
 
Conflicts over water 
rights (water supply 
and quality) between 
local governments 
(high- and lowland 
areas) 
Establishment of a new Long-term Comprehensive Water Resource 
Development Plan (1991–2011) 
- First putting environment-friendly river basin restoration into 
water resource policy  
Promulgation of the Natural Environment Conservation Act (1991) 
- Promotion from the Environment Agency to the Ministry of 
Environment in charge of tap water and sewage management 
(1994) 
Revision of the Long-term Comprehensive Plan for Water Resources 
(Amended and Supplemented Plan of 1997–2011) 
- A growing concern about shortage of water supply and 
uncertainty from climate change (severe droughts and 
flooding) 
- Increase in importance for environment-friendly water 
resource development and management  
Revision of the River Basin Law (1999) 
- Changing social demands and a broad diversification in water 
needs 
Establishment of Water Vision 2020 (2001–2020) 
- A need for the vision of a new policy paradigm in water 
resource development, use and consideration 
Establishment of the First Revision of Water Vision 2020 (2006) 
- The lowest springtime precipitation ever recorded in 2001 
- Huge flood damage to property and lives by typhoons and 
torrential rains in 2002 and 2003  
- Combination of water resource management interests of 
various government agencies (Ministry of Environment, of 
Agriculture, and of Industry and Resources)  
- Participation of expert groups from local community, civic, 
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and technical organizations in the planning at an early stage  
Revision of the River Basin Law (2007) 
Implementation of river basin oriented national land renovation 
projects (four-river restoration project of 2008–2012) 
- A new national land development paradigm (“low-carbon 
green growth”) 
Establishment of the Second Revision of Water Vision 2020 (2011) 
- A growing demand in conservation and restoration of 
riverine environments, riparian ecosystems, and riverfront 
parks (recreation) 
 
2.3.1 The Japanese Colonial Period (1910 to 1945) 
During this period, Japan continued to introduce advanced techniques such as civil 
engineering for irrigation and hydroelectric dam construction from the US [35] and conducted 
an investigation on water resources in major river basins across the country. Based on the 1605 
research of water resources in the river basins, many large-scale hydropower dams were built 
in the northern part of Korea to serve industrial development, while many irrigation dams 
were constructed in the southern part of Korea to support land cultivation. Under Japanese 
rule, South Korea’s river basin development was based on securing a food supply by 
controlling floods and protecting agricultural lands through the river basin investigation and 1610 
construction of irrigation dams in the river basins. 
Along with the outbreak of the Second World War in the 1940s, industrial 
hydropower and consumable water supply became an important matter as the country became 
more industrially developed. However, in this period, the implementation of a water policy on 
the river basin development and management was often a short-term effort. Those efforts 1615 
under Japanese rule were mainly determined by the need to supply food and heavy industrial 
manufacturing for their people and the army [36]. 
2.3.2 The Postwar Recovery Period (1945 to 1959) 
Since Korean independence from the Japanese in 1945, in addition to food shortage, South 
Korea suffered from insufficient supply of electric power because North Korea stopped the 1620 
electrical power supply to South Korea, which was about 50% of total power demand in 
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South Korea at that time. To solve such urgent needs for food and power, a five-year Electric 
Power Development Plan was initiated and new 158 irrigation dams were constructed in river 
basins to stabilize energy supply, food production and economic development [27,37]. 
After the Korean War (1950-1953), the South Korean government also started to look 1625 
into ways to consume as well as to control water. The effectiveness of the program 
considering both water control and water use, however, remained at regional focus and was 
characterized by a single-purpose river basin development project due to a low population 
density and a predominance of small-scale industries [36]. Nevertheless, this period may be 
viewed as a preparatory phase for the next period of comprehensive river basin development 1630 
after the postwar recovery. 
2.3.3 Modern River Basin Governance System Development (1960 to 1990) 
An organized Korean water management policy framework was initiated with the 
promulgation of River Basin Law in 1961 [36]. In 1967, the Korea Water Resource 
Development Corporation established under the River Basin Law was exclusively responsible 1635 
for the implementation of the Ten-Year Comprehensive Water Resource Development Plan 
(1966–1975) and the Specific Multipurpose Dam Act of 1966 mainly aiming at constructing 
large-size dams for hydro-electric powers [36,38]. Unlike before 1960 characterized as 
peripheral and small-scale river basin development, in the 1960s, the comprehensive river 
basin development concept was first adopted in South Korea along with particular attention to 1640 
in-land navigation [38], such as broad-scale investigations into the four major river basins, 
namely the Han, Nakdong, Keum and Youngsan Rivers [37]. 
The top priorities during 1970s were securing sufficient water supply for 
industrialization in urban areas and irrigation projects for stable food production [38]. This is 
because ensuring water supply for industrial and agricultural uses and reducing damages of 1645 
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floods and droughts became indispensable for facilitating more rapid economic growth [8,36]. 
The River Basin Law was, accordingly, revised in 1971 to formulate the Four Major River 
Basin Comprehensive Development Plan (Comprehensive Plan of 1971–1981). The 
Comprehensive Plan led to the conversion from a single- to multiple-purposes dam 
construction (a milestone in the contemporary history of water policy of South Korea) and the 1650 
critical contribution to the development of the current large urban centres of the country [36]. 
Rapid industrialization and urbanization, high population growth and agricultural 
intensification during 1970s led to a sharp increase in water demand, which caused an actual 
water shortage. In 1980, the Long-term Comprehensive Water Resource development Plan 
(1981–2001) was, therefore, commenced: (1) to expand the current dam networks to increase 1655 
water supplies; and (2) to restore river basins to reduce natural disasters [36]. An additional 
249 reservoirs were constructed to fulfill the rise in water demand and the ratio of restoration 
of the river basins increased from 48.3% in 1979 to 55.4% in 1989 [27]. Since the 1970s, the 
river basin development including the construction of multi-purpose dams significantly 
contributed to modernization of the four major river basins [36]. 1660 
2.3.4 Comprehensive Management of Water Resources: Environment-Friendly River 
Basin Development (1990 to Present) 
In South Korea, the construction of multi-purposes dams during the last period provided an 
adequate water supply and contributed to expanding water distribution systems in the 1990s 
[36]. Simultaneously, the most visible negative impact during this period is the deterioration 1665 
of water quality in all water basins in the country due to the high-intensity use of river as a 
resource utilized for economic growth [38]. Contamination in tap water source and other 
environmental accidents such as detection of trihalomethanes in 1990, phenols in 1991, heavy 
metals and poisonous pesticides in 1994, and high levels of bacteria in 1993 and 1997 have 
raised many concerns and led to the reluctance of tap water as a drinking water source [39]. 1670 
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The massive uses of chemical fertilizers, insecticides, and pesticides resulting from 
agricultural intensification in highland regions also contributed to accelerating the problems 
[13]. Water pollution was identified as one of the most serious environmental issues in South 
Korea [40] during this period. This led to a new paradigm of the river basin management 
policy [8]. 1675 
Due to a variety of development projects promoted after the establishment of 
democratic regime in early 1990s, there were frequent conflicts between local governments 
over water quality deterioration. It sharply increased concerns about environmental issues. 
Consequently, a new measure for water resource management was required, resulting in a call 
for environment-friendly river basin restoration [38]. A new Long-term Comprehensive 1680 
Water Resource Development Plan (1991–2011) was adopted in 1990, which made the 
environment-friendly river basin restoration into the water resource policy for the first time 
[8]. The Environment Administration was, accordingly, promoted to a ministerial level 
(Ministry of Environment) in 1994 and took charge of tap water and sewage management 
[37,41]. The first introduction of the environment-friendly river basin restoration concept, 1685 
which is completely different from those between 1960s and 1980s, means a lot to South 
Korea’s water policy reform. At the planning stage of river basin restoration projects in this 
period, however, local authorities rarely considered improvement of ecological values of the 
river [38]. 
In 1994, the National Land Use and Management Act facilitating land development 1690 
around the Paldang Lake of the Han River basin, which is the main source of water supply for 
the Seoul metropolitan area considerably accelerated water quality deterioration [18,42]. 
Despite subsequent efforts of the Korean government to control water quality and quantity, 
the unsatisfactory results were continually derived [43]. The Han River Law was established 
in 1999 to improve water quality and manage drinking water sources and to support 1695 
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communities in highland areas of the Han River Basin for compensation as an economic 
incentive to reduce the amount of chemical uses. This led to the introduction of an additional 
water use charge that downstream residents have to pay [33]. Water users of downstream 
areas such as Seoul city, Incheon city, and 25 districts of Gyeonggi-do, who were supplied 
with raw or purified water from upstream water conservation zones in 11 districts of 1700 
Gyeonggi-do, Gangwon-do, and Chungcheongbuk-do, pay for this charge to compensate 
upstream communities and their people for regulating economic activities (e.g., housing and 
highland agriculture). 
Due to uncertainty about climate change, e.g., possible severe droughts and/or 
flooding which would inhibit economic growth, and the growing importance of environment-1705 
friendly river basin restoration, the Long-Term Comprehensive Plan for Water Resources 
(Amended and Supplemented Plan of 1997–2011) was revised in 1996 [36]. The 1999 revised 
River Basin Law envisaged an overall improvement in national developmental planning. 
Nevertheless, the policies were implemented with skepticism, continued concerns about the 
safety of tap water, and conflicts over water rights along the river basins [37]. 1710 
In 2000, new water policy strategies and specific plans were required to implement the 
vision of a new policy paradigm in considering the river basin development, use and 
conservation [36]. Revision of the River Basin Law in 1999 confronted changing social 
demands and a broad diversification in water needs. Accordingly, the Water Vision 2020 
(2001–2020) was established in 2001 with the contents of allowing efficient river basin 1715 
restoration to deal with unusual droughts and floods, limited water resources, and water 
pollution [27,36]. Based on the River Basin Law revised in 1999, the Comprehensive Long-
term Water Resource Plan, which is established every 20 years and reviewed every five years, 
became the water policy with a top priority in securing stable water resources and efficient 
use, development, and preservation of river basins [27]. However, river basin restoration 1720 
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projects involving too much emphasis on engineering of water flow (dam-oriented 
construction), and ignoring stakeholder participation in decision-making, were still dominant 
during this period [38]. This, as a result, led to conflicts over the environmental suitability of 
dam construction and the decision-making process for national water resources plans [44]. 
Rapid environmental, social and economic changes after the turn of the century 1725 
triggered changes in the Water Vision 2020 even as early as in 2001. The lowest springtime 
precipitation was ever recorded in 2001, leading to severe droughts that were unprecedented 
in history. Secondly, the typhoons and torrential rains in 2002 and 2003 resulted in extensive 
flood damage in terms of property and lives around the country. Strong demand for adequate 
water resource management forced the Water Vision 2020 to be revised in 2006. The long- 1730 
and mid-term water resource management concerns of various government agencies in the 
Ministry of Environment, Ministry of Agriculture, and Ministry of Industry and Resources, 
were to be combined. Furthermore, expert groups from local communities, civic, and 
technical organizations were able to participate in the river basin restoration planning at an 
early stage [36]. In spite of many regional river restoration projects with diverse forms of 1735 
partnership, it was rare to find a special ordinance to define the role, structure, organization, 
and finance [38] which plays a vital role in the water resource management [23]. There was 
also a limit to a bottom-up approach to creation of a vision which not only shows what the 
regional water policy might look like and how it can work for the community [45], but also 
motivates local residents to participate in water project voluntarily [38]. 1740 
Since the mid-2000s, climate change has been the most urgent issue in water 
management. With the River Basin Law revision in 2007, national efforts to ensure stable 
supply of water resources despite climate change have been addressed in the Long-term 
Comprehensive Water Resource Plan. The Korean government conducted river basin oriented 
national land renovation projects (four-river restoration project) along with a new national 1745 
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land development paradigm (low-carbon green growth) [27]. As life quality improves with 
higher standards of living, a growing demand has arisen for the conservation of riverine 
environments, restoration of riparian ecosystems, and recreation which is being provided in 
riverfront parks. Based on this growing water demand, the Water Vision 2020 was second 
revised in 2011 [36].  1750 
Nevertheless, there are still growing challenges for improvement and reorganization of 
water management system and institutions to mitigate or resolve conflicts over water quality 
and supply between local governments. 
Despite Korean continuous water policy changes and reforms over 100 years, those 
physical, environmental and socio-economic challenges such as uncertainty about climate 1755 
change (flooding and droughts), rapidly rising water use and water scarcity due to economic 
growth (industrialization and urbanization) impede sustainable socio-economic development 
and accelerate water quality deterioration, consequentially increasing the vulnerability of 
ecosystems (agricultural intensification in highland areas) in the river basins. Forming an 
integrative water resources management system at the river basin is, thus, crucial for ensuring 1760 
the sustainable development (water use efficiency) and ecological security (conservation or 




Figure 2.6 South Korea’s water policy reforms and their implications for future water policy 
making. 1765 
 
2.4 Challenges for Water Policy in South Korea 
The challenges in managing water resources are neither homogenous nor constant over time 
[46,47]. While many risks and uncertainties are predictable, it is hard to derive the exact 
magnitude and reliable implications in terms of water management and other associated 1770 
impacts [48]. Although many changes in water policies have been undertaken in South Korea, 
and other countries, there are still many challenges that need to be solved. These include 




2.4.1 Environmental and Physical Challenges 1775 
2.4.1.1 Damage to Water Quality and Ecosystems of River Basins 
The seasonal and regional characteristics of water resources in South Korea such as the 
concentration of approximately 69% of the annual precipitation in the middle of summer 
monsoon and typhoon [27] and large differences in precipitation along river basins [28,29] 
represent environmental challenges to make the country highly vulnerable to seasonal 1780 
oscillation between floods and droughts, which make water quality worse and threaten 
ecosystems. 
Moreover, the renewable water resources of South Korean is at 1553 m3 per person 
per year which accounts for around 72.9% of that of China (2130 m
3
) and around 48.1% of 
that of Japan (3232 m
3
), and considerably lower (18.5%) than that of the global average (8372 1785 
m
3
) [26]. This result shows that despite abundant precipitation, Korean water conditions are 
still poor due to dense population in its limited land space. Concentration of the population in 
large cities, including the Seoul metropolitan area, together with the regional variations in 
precipitation has often led to severe regional differences in renewable water resources per 
person per year. The Han River basin accommodating the Seoul metropolitan area has the 1790 
lowest volume of local renewable water resources per person (annual average 907 m
3
 of 
renewable water resources during 1968–2007) compared with the other three major river 
basins [23]. 
Since 1999, chemically contaminated and turbid water problems have continuously 
occurred along the Han River Basin due to heavy rains. For example, the heavy rains during 1795 
Typhoon Ewiniar in 2006 led to the export of massive quantities of sediments to the Soyang 
Lake and, in turn, led to long-term turbid water discharge problems along the Han River 
Basin [19] when high soil erosion occurred in mountainous agricultural areas. Consequently, 
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it has caused frequent conflicts over the responsibility for water quality management among 
up-, mid-, and downstream along the river basin. 1800 
In South Korea, floods and droughts appear to be intensified over time and occur more 
frequently due to environmental and physical challenges caused by climate change. This, thus, 
causes serious socio–economic losses, environmental damages, and difficulty in managing 
water resources systems which result in changes in the hydrologic cycle and water availability 
[49]. In particular, regional and seasonal variations in precipitation have had negative impacts 1805 
on water quality and the ecosystems in river basins. The damage to water environments 
causes conflicts over water rights between up- and downstream areas [19,50]. 
2.4.1.2 Regional Water Use Conflict 
Due to the seasonal and regional variation in renewable water resources in South Korea, dam 
construction was adopted as the prime means for flood control and water supply and was 1810 
planned particularly in the upstream areas of main rivers for water delivery to support the 
expansion of downstream urban and industrial areas [23]. The multi-purposes dams have 
contributed to urban and industrial water supply (10.9 billion m
3
, 32.7%) of the total water 
supply capacity (33.3 billion m
3
), and flood control (2.2 billion m
3
, 3.9%) of the total 
discharge (56.0 billion m
3
) is held back during the flooding period (Table 2.3) [27]. 1815 












Multipurpose 15 12,588.9 2197.6 10,883.1 
Hydroelectric 12 1793.8 266.0 1335.0 
Water supply 19 609.0 23.5 880.5 
Estuary 12 1258.3 0.0 2930.0 
Irrigation 6 2801.8 19.0 2742.0 
Irrigation reservoir 17,643 2457.0 0.0 2457.0 
Flood control 1 2630.0 2630.0 0.0 
Total 17,708 24,138.8 5136.1 21,227.6 
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Nevertheless, recent trends in precipitation variability along with economic growth 
intensify vulnerability to water pollution as well as damage from natural disasters, and lead to 
an increased need for a new water quality management system [51]. Moreover, conflicts over 
water-related issues, in particular frequent disputes between local governments in up- and 1820 
downstream areas about the effectiveness of water use charges for water quality improvement 
shows that existing water quality management policies which the Korean government 
implements are facing challenges [19,29]. 
Conflicts over water rights between up- and downstream areas in South Korea have 
increasingly occurred despite governmental implementation of diverse measures for water 1825 
quality improvement, e.g., a water use charge based on the beneficiary (or user) pays 
principle [18,50]. In particular, the inflow of agro-chemically contaminated turbid water 
caused by heavy rain at highland dry fields to the Han River Basin has exacerbated water 
quality problems [19,24,52]. The water use charge gradually increased from South Korean 
won (KRW) 80 per m
3
 in 1999 to KRW 170 per m
3
 in 2012 and has been maintained at this 1830 
level up to now in 2016 [18,53]. The residents in downstream areas argues that the water use 
charge should be reduced or abolished, while upstream residents insist that overlapping 
regulations in the upstream areas should be eliminated and compensation for water quality 
improvement in the Han River basin should increase [18].  
There is, accordingly, a growing need for a new allocation system of costs and 1835 
benefits related to water supply and quality improvement. However, an important obstacle to 
attain the goals around the world has been the failure to adequately address financial 
challenges such as the costs of attaining goals, how to achieve lower costs and more 
efficiency, matching costs with available resources, which framework for and how to 
implement the cost-benefit sharing [54]. It is obvious that economic instruments based on 1840 
economic analysis of water uses such as water pricing play a vital and very effective role in 
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financing water resources management. However, additional issues caused by applying the 
economic instruments such as the role of private sectors (all stakeholders) and how to elicit 
benefits from water services that are not traded in real markets should be considered in a 
practical approach on a case-by-case basis. 1845 
In South Korea, the Han River basin is a major drinking water source and provides 
many tangible and intangible benefits to its mid- and downstream (the Seoul metropolitan) 
areas. Based on the benefits provided by the basin, the mid- and downstream areas have been 
economically developed while the upstream areas have not. Despite the implementation of the 
water use charge to support communities and their people in the upstream areas, some 1850 
problems regarding equal distribution of the benefits of using water resources between river 
basin stakeholders remain [55,56]. It is necessary to pay close attention to upstream areas’ 
roles as a provider of water services such as protection or conservation of water resources and 
ecosystems, along with provision of a safe and stable water supply to the mid- and 
downstream areas. These opportunity costs that the upstream areas lose by the regulations 1855 
should be compensated [55] based on the provider gets principle, i.e., payment for ecosystem 
services [57,58]. To minimize negative effects caused by conflicts over water rights between 
local communities, it is obvious that a broader stakeholder involvement is needed in planning 
and decision-making of policies related to water rights [38]. 
2.4.2 Socio-Economic Challenges 1860 
2.4.2.1 Rapid Rise in Water Use as Economic Growth 
Rapid industrialization, urbanization and population growth in urban and industrial areas 
around the four major river basins contributed to not only changing water environment such 
as intensive construction of water service systems to support the expanding Seoul 
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metropolitan areas and industrial cities, but also deepening the socio-economic gap between 1865 
urban and rural areas [33]. 
In particular, the striking population shift from rural to urban areas has been very 
significant for notable changes that have occurred in the socio-economic structure of South 
Korea. In particular, the high population density in relatively small areas results in extremely 
high local demand for water, that is, one of the crucial infra-structural inputs, which enhances 1870 
the productivity of capital, labor, and other factors necessary for socio-economic development 
[59,60], with substantial influence on the planning for flood control and necessitating special 
measures to supply water year-round. It increased the need for construction of new water 
supply systems [50]. As a result, industrialization, urbanization and population growth 
triggered a sizeable increase in total water use by five times (5.1 billion m
3
 in 1965 to 25.7 1875 
billion m
3
 in 2011) (Figure 2.3) and have influenced strikingly the amount of water resource 
consumption and its pattern [60,61]. 
According to the second revised version of the Water Vision 2020 (2011–2020) [27], 
the total amount of water being used will continue to increase by an average of 1.2% per year 
based on current water consumption trends. Therefore, the stabilization of water demand 1880 
would be one of the main drivers of the policy change and reform of South Korea’s water 
sector, causing shift from the development of new water resources to water demand control 
[23]. 
4.2.2 Inadequate Water Pricing Mechanism 
During the recent decades, the national average water charge has risen on the average by 5.4% 1885 
per year, from KRW (South Korean won) 211 per m
3
 in 1991 to KRW 660 per m
3
 in 2013, in 
proportion to the tap water by 5.6% per year, between KRW 260 per m
3
 in 1991 and KRW 
849 per m3 in 2013. Nevertheless, the average water charge, which is different among 
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domestic, industrial, and other uses, covers only part (77.8% in 2013) of the production costs 
as shown in Figure 2.7. Water is priced without considering a full cost recovery principle, and 1890 
environmental externalities are not taken into account. In particular, the domestic water use 
during a year of 2013 accounted for 63.5% (3.26 billion m
3
) of the total tap water 
consumption (5.13 billion m
3
), which is the highest proportion in use, while the rate of 
recovering production costs via the domestic water charge (KRW 482.8 per m
3
) is the lowest 
(56.8%) [62]. 1895 
More seriously, the proportion of recovered production costs in the water utility bills 
has decreased on average by 1.2% per year, from 89.3% in 2003 to 77.8% in 2013. On the 
other hand, the daily water use per capita has increased from 265 L in 1998 up to 282 L in 
2013 as illustrated in Figure 2.7 [62]. As stated in Kim (2013) [63], the Korean daily water 
use per capita is 1.2 times higher than that of the UK, 2 times than that in France and 1900 
Germany, and 2.5 times than that in Denmark. The Korean low average water charge is most 
likely to result in excessive water use. Park and Choi (2006) [64] recently estimated the price 
of elasticity of water for domestic use using data from 176 local governments. 
As a result, the price coefficients ranged from -0.048 to -0.052, which means, if the 
price rises by 10%, water demand falls by around 0.5%. This value is lower than those of 1905 
previous studies such as Jeon et al. (1995) [65], Kim (1996) [66], Gwack et al. (2002) [67]. 
Nevertheless, the water price can apparently contribute to managing water demand. First, it is 
true that a rise in the water price has an effect on water saving. Annual domestic water use is 
around 7.0 billion m
3
. Based on the price elasticity of -0.05, around 3.5 hundred million m
3
 
per year can be saved through the price increase. Despite the low price coefficients, 1910 
considering attributes of water resources for which there is no substitute and recent 
continuous increase in water supply (production) costs, the water price would be a 
significantly effective tool to manage water demand. Conversely, the low water price can 
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contribute to increasing water use continuously and eventually has negative impact on water 
quality in the rivers [63]. 1915 
Along with the dam development for water distribution between regions, the Korean 
government has continued investment in the multi-regional water supply system, resulting in 
increase in the water supply ratio (percentage of the population who has running water) from 
16.8% in 1960 to 98.5% in 2013 (Figure 2.7) [63]. A continually rising water demand as well 
as outdated water management facilities in South Korea is, nevertheless, expected not only to 1920 
intensify the imbalance between water supply and demand under the influences of climate 
change, but also to cause difficulties in mitigating uncertain water quality changes. 
Rational water pricing for the effective use and management of water in South Korea, 
e.g., water saving and environmental conservation, has become a key social and political issue 
due to the effects of climate change. The water charge, in particular, remains below the 1925 
production cost [63]. Additionally, there is resistance of many Koreans to an increase in the 
water charge due to deep perception of water as a public good and of more governmental 
responsibilities for water distribution and use [68]. Experiences from other countries indicate 
that it is needed for South Korea to have a better water pricing system. The funds secured 
through appropriate water utility billing should then be used to support the water welfare of 1930 
low income households as well as stakeholders in upstream areas where economic activities 
are restricted to ensure water quality protection in large reservoirs. Furthermore, support is 
required to invest in and improve water-related infrastructure, e.g., upgrading water 
processing facilities. Rational water pricing, which fully considers the cost of supply is 
critically necessary not only to obtaining funds for maintenance and development of water-1935 
related facilities, but also for saving water and effectively improving water quality in general 




Figure 2.7 The proportion of water supply (percentage of the population who has running 
water), recovering production costs via the water utility bills, the amount of water leaking 1940 
from outdated water pipe networks, and per capita daily water use of South Korea 
Table 2.4 Challenges and implications of Korean water policy. 
Challenges Implications 
Conflicts over water quality 
and supply between local 
governments in high- 
versus lowland areas  
Need for a new sharing criterion of benefits and costs from 
water quality policy (e.g., water use charge) between high- 
and lowland areas 
Application of the provider gets principle considering 
provision of environmental services (payment for ecosystem 
services) 
Inadequate water pricing 
mechanism (outdated water 
facilities, inefficient water 
demand and quality 
management) 
Rational water pricing recovering the production costs based 
on the full cost recovery principle to effectively use and 
manage water 
Supporting low income households and the upstream areas 
damaged from dam construction and economic restrictions 
that result in the process of water quality protection 
Improving outdated water facilities and strengthening 






2.5 Concluding Remarks 1945 
Monitoring and development of water resources have been important considerations in South 
Korea for over 100 years from the Japanese colonial period up to now. The characteristics of 
water availability and supply have been influenced by environmental changes as well as long-
term shifts in social-economic factors. South Korea has developed water management policies 
through continuous response to such surrounding conditions above and must be viewed as a 1950 
series of stepwise reforms. Nevertheless, persistent and new water challenges emerge, 
including a growing demand for water due to economic growth, the need for an acceptable 
water quality in many regions, insufficient and ineffective practical implementation of the 
water management system, and uncertainties due to climate change. As noted by Juliet et al. 
(2011) [6], the water management reforms in some foreign countries (South Africa, Australia, 1955 
European Union countries, and Russia) have introduced innovative approaches to better cope 
with their water challenges, emphasizing soft-path water solutions that address inequitable 
water policies which are influencing ecosystems and the natural resource base. These include 
efficient water use and conservation, rational water pricing, provider gets principle (payment 
for ecosystem services), and additional aspects of public participatory water management. 1960 
Examining the characteristics of water resources in South Korea, we demonstrate that 
South Korea is facing four major challenges in the water management policy and should 
reassess management approaches. First, water resource policy must confront the risks and 
uncertainties associated with climate change. Regional and seasonal differences in 
precipitation and in renewable water resources have resulted in droughts during the dry 1965 
season (winter and spring, November-May) as well as flooding during the rainy season 
(summer monsoon and typhoon, June-September). Second, rapid industrialization, 
urbanization and population growth, particularly in the Seoul metropolitan area, have resulted 
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in remarkable changes in the socio-economic structure and pattern of water consumption. To 
provide adequate supply, many dams were constructed in the upstream areas of main river 1970 
basins to store water for flood control, to generate electricity, and to stabilize water supply to 
the mid- and downstream areas. However, the supply has an upper limit and negative 
externalities, e.g. loss of riparian habitat, submergence of usable valley land, and water 
quality deterioration due to the need for highland farming on mountain slopes, have not been 
adequately compensated. Thus, a third need, namely maintenance of the system as well as 1975 
compensation for externalities, is not appropriately supported by water use charges and water 
utility charges, which covers only about 80% of the production cost. Finally, water quality 
improvement in the four major river basins has slowed in recent years despite continuous 
investment in environmental treatment facilities after the environmental crises that occurred 
in the early 1990s. Non-point source pollution, such as the inflow of contaminated turbid 1980 
water caused by heavy rain in the upstream highland dry fields has become a main cause of 
water quality degradation and has caused conflicts over water rights between local 
governments in highland versus lowland areas.  
In agreement with measures taken in other countries, we suggest that rational water 
utility pricing must be applied based on the full cost recovery principle to effectively use and 1985 
manage water. The funds secured by recovering the production costs should be used: (1) to 
support low income households and the upstream areas damaged by dam construction as well 
as the economic restrictions that result in the process of water quality protection; (2) to 
improve outdated water facilities; and (3) to strengthen efficient water use and demand 
management. Secondly, there is a need for a new sharing criterion on benefits and costs of 1990 
water quality policies (e.g., water use charge) between up and downstream areas based on the 




Long-term problem solutions require greater investments, more technology, higher 
human capacities and intensified co-operation between countries, sectors, organizations and 1995 
different societal strata. Therefore, plans to address the risks, uncertainties and conflicts over 
water will require new integration and further reforms of the institutions, laws and 
organizations responsible for managing water resources in South Korea.  
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Abstract: This study examines the willingness to pay (WTP) for the highland agriculture 2190 
restriction policy which aims to stabilize the water quality in the Han River basin, South 
Korea. To estimate the WTP, we use a double-bounded contingent valuation method and a 
random-effects interval-data regression. We extend contingent valuation studies by dealing 
with the potential preference anomalies (shift, anchoring, and inconsistent response effects). 
The result indicates that after the preference anomalies are corrected, the statistical precision 2195 
of parameter estimates is improved. After correcting the potential preference anomalies, 
estimated welfare gains are on average South Korean currency (KRW) 2,861 per month per 
household. Based on the WTP estimate, the total benefits from the land use restriction policy 
 ７７ 
 
are around KRW 297.73 billion and the total costs are around KRW 129.44 billion. The net 
benefit is, thus, around KRW 168.29 billion. This study suggests several practical solutions 2200 
that would be useful for the water management. First, a priority should be given to the valid 
compensation for the highland farmers’ expected income loss. Second, it is necessary to 
increase in the unit cost of the highland purchase. Third, wasted or inefficiently used costs 
(e.g., overinvestment in waste treatment facilities, and temporary upstream community 
support) should be transferred to the program associated with high mountainous agriculture 2205 
field purchase. Results of our analysis support South Korean legislators and land use policy 
makers with useful information for the approval and operationalization of the policy. 
 
3.1 Introduction 
Degradation of water quality is an ongoing issue for water resource users between high- and 2210 
lowland areas [1]. Due to leaching of agrochemicals and the export of sediments caused by 
agricultural intensification in the highland areas, water pollution is very common along the 
river basin in East and Southeast Asian countries [2–7]. This results in degrading water 
quality, threatening aquatic ecosystems in downstream areas [8,9].  
In the highland areas of the Han River basin, South Korea which is the primary source 2215 
of drinking water supply to the Seoul metropolitan area of South Korea, agriculture is 
dominated by vegetable (e.g., Chinese cabbage and radish) production and is characterized by 
a high level of chemical fertilizer inputs [10]. Because of the intensive use of agricultural 
chemicals, in particular nitrogen and phosphorous being the main pressures dominating the 
ecological status of the basin [11], they have been identified as hotspots of non-point 2220 
pollution due to soil erosion accelerated by the monsoon climate, which causes deterioration 
of the important freshwater resources [12,13]. Even though several measures including the 
 ７８ 
 
introduction of a water use charge (water users in downstream areas such as Seoul, Incheon, 
and part of Gyeonggi-do that are supplied with water from upstream water source protection 
zones such as part of Gyeonggi-do, Gangwon-do, and Chungcheongbuk-do of the Han River 2225 
basin have to pay), which has been increased from KRW 80 per cubic meter in 1999 to KRW 
170 per cubic meter in 2012 [14] (KRW is the currency unit of South Korea and, at the time 
of the survey (year 2012), USD 1 equaled KRW 1,126.25) as an incentive to designate water 
source protection zones in upstream areas since 1975 have been implemented, water quality 
deterioration due to highland agricultural activities still continues. Thus, downstream water 2230 
users have called for a highland agricultural restriction policy including the abolishment of 
highland vegetable cultivation [15]. However, such crop production is the main source of 
income for local farmers in the highland areas [16]. The current situation is that the Korean 
government and downstream residents support stopping agricultural activities susceptible to 
environmental problems, while highland farmers and local governments wish to continue 2235 
these activities.  
Within this context, a highland agricultural restriction policy was proposed and has 
been under extensive discussion in public media and among land use policy makers [15]. The 
aim of the policy is to prevent turbid water inflows to the Han River basin via the conversion 
of vegetable cultivation to other alternatives such as perennial crops or forest trees in the 2240 
highland areas, i.e. trade-offs between benefits through water quality improvement and 
opportunity costs of abandoning current highland agriculture. Obviously, if the policy is 
approved, it puts limits on economic activities of residents in the upstream areas in order to 
protect or improve water quality, which means they are deprived of opportunity for potential 
economic benefits with respect to utilizing natural resources. Residents in down- and 2245 
midstream areas are, on the other hand, provided with safe and clean water through the 
implementation of the policy, which means they gain more benefits from the water use [17]. 
 ７９ 
 
To accomplish equal distribution of the benefits of using water resources between river basin 
stakeholders, there should be a financing mechanism to support highland farmers for the 
conversion in order to compensate for their expected income loss. Therefore, it is essential 2250 
that the government should ensure adequate financing available to effectively manage water 
quality [18]. 
Since the benefits generated by water quality improvement are not traded in real 
markets [19], this requires the use of non-market valuation methods to estimate these benefits 
[20]. Among various non-market valuation methods, we used the double-bounded 2255 
dichotomous choice contingent valuation method (CVM) to investigate the benefits 
associated with increase in water quality generated by a highland agricultural restriction 
policy. The double-bounded dichotomous choice CVM developed by Hanemann et al. (1991) 
[21] includes two payment questions, offering two different bids. If the first bid is accepted 
(rejected), a higher bid (a lower bid) is proposed in the follow-up question so that an 2260 
individual can make a decision whether they agree to accept or reject the proposed bids. Since 
the individual’s willingness of pay (WTP) can be below or above a bid amount or between the 
two bid amounts, the double-bounded model could have the potential to identify the WTP 
location more accurately, hence improving the estimates [22]. 
This method might, however, cause other undesirable response effects, known as shift 2265 
[23], anchoring [24,25], and yea-saying effects [26–29]. Cameron and Quiggin (1994) [30] 
indicate that despite the high correlation between the WTP distributions signified by the first 
and second bids, the WTP distributions are not equivalent in the double-bounded model. This 
is because the variance from the second WTP estimate is larger than the first. The offer of the 
second bid could, in addition, surprise respondents due to their unfamiliarity with the 2270 
institutional design of the double-bounded dichotomous choice CVM, thus causing diverse 
strategic answers (anomalous preferences) [31,32], and less precise WTP estimates [32]. 
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A few studies have tried to identify and control these effects [23–25,27,28,30], but 
most of them show that controlling for biases in the double-bounded dichotomous choice 
format may lead to a loss in efficiency and estimate precision [22]. In this study, we further 2275 
examine respondents’ aberrant behavior by comparing the accepted bid amounts from the 
dichotomous choice question with the maximum WTP amounts from the open-ended question 
at the last stage of the contingent valuation survey. We assume that the inconsistent responses 
found from the comparison may include yea-saying, which shows more respondents’ strategic 
behavior [26]. We thus consider the aberrant responses as the inconsistent response effects 2280 
including the yea-saying bias in this study. 
In this regard, our analysis aims: (1) to provide a robust way for the improvement of 
precision in model estimation by controlling shift, anchoring, and inconsistent response 
effects simultaneously in the double-bounded dichotomous choice CVM; (2) to examine 
households’ WTP for the highland agriculture restriction policy in the Han River basin; and 2285 
(3) to derive the monetary value of the total benefits generated by the water quality 
improvement policy, and to provide practical solutions that would be useful for the water 
management based on the benefit–cost analysis. This study makes two contributions to the 
literature on the impact of water quality management policy on households’ preferences. In 
terms of methodological aspect, we use a double-bounded dichotomous choice CVM to 2290 
identify the impacts of the land use restriction policy for water quality improvement and 
provide an empirical evidence of a statistically significant improvement in the double-
bounded model fit by correcting potential preference anomalies. With respect to empirical 
aspect, we estimate the monetary value (benefits) which can be considered as an ecosystem 
service value derived from the improvement in water quality due to the implementation of the 2295 
policy, conduct benefit–cost analysis, and provide practical solutions for the policy relevance. 
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Our paper is structured as follows. Section 2 presents the theoretical framework of the 
study, describing the CVM, random-effects interval-data regression models for the estimation 
of the welfare change associated with change in the environmental quality, and each of the 
preference anomalies in detail. Section 3 describes the study area, survey design, and 2300 
administration. Empirical results and discussion are provided in Section 4. Based on the 
calculation of the benefits, benefit-cost analysis is conducted in Section 5. Conclusions and 




This study deals with the elicitation of the monetary values that people would trade off their 
income against the improvement of water quality induced by a land use policy such as the 
highland agricultural restriction program. The land use policy would lead to betterment of 
environmental condition in terms of water quality, for example, and consequently lead to a 2310 
change in utility/welfare of individual water users. Therefore, the concept of WTP for 
changes in utility/welfare can be used to value the outcome of the policy [33–35]. This 
follows the principle that public policy should be based on the aggregation of individual 
preferences [20]. 
A CVM is one of the most prevalent approaches [36,37] to estimate the total value 2315 
(use and non-use value of an environmental good or service [38–40]. Regulating the use of 
non-marketed goods and services would limit their use to a so-called indirect use (non-use), 
which means stakeholders might benefit from the goods and services regardless of their 
intention to use [41]. Stated choices regarding changes in the policy identified via survey 
reveal actual (or true) behavior. This stated behavior can help to understand the differentiated 2320 
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effects of the policy [42–44]. This method inquires respondent’s WTP for the change in 
environmental quality (e.g. hypothetical improvements in water quality) through the survey 
instrument in assessing the impact of the policy change on individual welfare [26,45]. Given 
that the responses to a contingent valuation study are usually treated as random variables, a 
random component is incorporated into the individual’s utility function and the probability of 2325 
survey response is linked to the WTP distributions based on the assumption that a respondent 
maximizes his utility [38,46] 
Among different WTP elicitation methods, the popular double-bounded dichotomous 
choice question format is applied in this study [32,47–53]. Efficiency in the elicitation of 
WTP can be increased if repeated bid questions are used [46]. Respondents are asked about 2330 
their WTP for proposed changes from given bid values. If the response to the initial bid is 
positive, a follow-up bid, higher than the initial bid, is asked, whereas, if the answer is 
negative, a follow-up bid, lower than the initial bid, is asked. Therefore, the method can 
directly provide a monetary (Hicksian) measure of welfare associated with a discrete change 
in water quality [46,54]. In the dichotomous choice (or closed-ended) question format, the 2335 
probability that their WTP is equal to or greater than a certain amount of money (B) that the 
individuals would pay for water quality improvement is:  
Pr (yes) = Pr (WTP ≥ B) ≡ 1 - Fc(B),                                        (3.1) 
where Fc(B) denotes the cumulative distribution function of WTP. A random utility model is 
a basic framework for analyzing dichotomous contingent valuation responses. In this model, a 2340 
respondent certainly knows his utility function. This preference is, however, not entirely 
observable and is treated as a random variable. The random component of preferences (ε) is, 
thus, directly incorporated into the indirect utility function, V (Q, Y, P, Z, ε), where (Q) 
represents the scalar for water being valued, (P) is the vector of the prices of the market goods, 
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(Z) is the socio-demographic characteristics, and (Y) is the respondent’s income, in order to 2345 
obtain a WTP distribution. In the status quo, the utility function of the respondent is given by 
V(Q
0
, Y, P, Z, ε). When a change in water quality from the status quo (Q0) to the proposed 
alternative occurs, the utility function in the final state (Q
1
) is equal to V(Q
1
, Y - B, P, Z, ε). In 




, Y, P, Z, ε), which presents WTP of the 
individual for a welfare gain (WTP = C) is defined as V1 (Q
1
, Y - C, P, Z, ε) = V0(Q
0
, Y, P, Z, 2350 
ε). It also yields the respondent’s maximum WTP for the change from (Q0) to (Q1). If the 
respondents’ maximum WTP for the change from the initially deteriorated (Q0) to finally 
improved (Q
1
) water quality state is greater than or equal to the bid proposed (B), they will 
say “yes”. Following the dichotomous choice approach, the probability of “yes” answer can 
be written as: 2355 




, Y, P, Z, ε) ≥ B} = Pr {V (Q1, Y - B, P, Z, ε) ≥ V (Q0, Y, P, Z, ε)} ≡ 1 - Fc (B), (3.2) 








, Y, P, Z, ε)] and F(·) be the 
cumulative distribution function of the standardised variate ω= (WTP-μWTP)/σWTP. The 
probability function can be rewritten as: 
Pr(yes) = 1 - F[B – μWTP/ σWTP ] ≡ 1 - F(-α + βB),                              (3.3) 2360 
where α = μWTP/σWTP and β = 1/σWTP. Equation (3.3), where the answer to the dichotomous 
choice question is a function of a monetary amount, is consistent with an economic model of 
maximizing utility (WTP) if it can be understood as the survivor function of a WTP 
distribution [38,46]. The econometric model used for WTP estimation is determined by the 
form of cumulative distribution function of WTP (C), Fc(B), and the distributional 2365 
assumption of the random component of the utility function [55]. If Fc(B) follows a probit 
standard distribution and the model is linear, the expected mean WTP is: 
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Eε (WTP/α, β, Z) = αZ/β,                                                   (3.4) 
where α denotes the vector of parameters, Z the vector of characteristics of the respondent, 
and β the coefficient on the bid level representing the estimated marginal utility of income. 2370 
In the double-bounded dichotomous choice CVM, a respondent (j) is presented with 
the first bid amount (B1), and the second (B2) for the water quality improvement program. 
There are, thus, four possible responses: (1) both “yes” and “yes” responses (WTPj ≥ B2); (2) 
a “yes” followed by a “no” (B1 ≤ WTPj < B2); (3) a “no” followed by a “yes” (B1 > WTPj ≥ 
B2); and (4) both “no” and “no” responses (WTPj< B2), which means that the set of observed 2375 
bid responses (preferences) yields a set of intervals for estimating WTP [22]. Based on its 
structure, the researcher is provided with additional WTP intervals of respondents. Estimating 
the model that the additional information is incorporated into the likelihood function plays a 
crucial role in improving model accuracy [22]. In addition, decisions or choices within a 
range of intervals are common in daily life and are appropriate for the valuation practice 2380 
where respondents are unacquainted with the environmental goods or services being valued 
[56]. It also makes it easy for respondents to reveal their true WTP [57,58]. With the double-
bounded dichotomous choice data, we estimate the interval data probit model initially 
formulated by Hanemann et al. (1991) [21]. This is the format in which the double-bounded 
model provides the greatest efficiency gains, along with the least equivocalness [54]. 2385 
The formulation of general econometric double-bounded model is WTPji = μi + εji, 
where WTPji represents WTP of the jth respondent, and i = 1, 2 for the first and second 
responses, while μ1 and μ2 correspond to the means for the first and second responses, 
respectively. Under the assumption that μ = μ1 = μ2, the WTP for the respondent (j) can be 
rewritten as WTPj = μ + εj. If the response is “yes-yes” in sequence (B2 > B1), the probability 2390 
can be simplified as Pr μ + εj > B1, μ + εj ≥ B2 = Pr μ + εj ≥ B2. If the response is “no-no” in 
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sequence (B2 < B1), the probability can be simplified as Pr μ + εj < B1, μ + εj < B2 = Pr μ + εj 
< B2. For “yes-no” and “no-yes” responses, the probability is that WTP falls in the interval. 
With the assumption that the random term is normally distributed, the respondent’s 
contribution to the likelihood function is: 2395 
Lj (μ/B) = Pr(μ + εj ≥ B2)YY ×  Pr(B2 - μ> εj ≥ B1 – μ)YN ×  Pr(B1 - μ > εj ≥ B2 – μ)NY×  Pr(μ + εj < B2)NN (3.5) 
where YY (“yes-yes”) = 1 and 0 otherwise; YN (“yes-no”) = 1 and 0 otherwise; NY (“no-yes”) 
= 1 and 0 otherwise; and NN (“no-no”) = 1 and 0 otherwise.  
The primary independence assumption developed by Hanemann et al. (1991) [21] of 
the double-bounded dichotomous choice CVM is that a respondent’s preference (WTP) 2400 
remains the same over the first and second payment questions (i.e., true WTPji = WTPj1 = 
WTPj2), which means since observations are independent across the answers to the initial and 
subsequent payment questions, the preferences of respondents remain the same over the two 
answers. The double-bounded model, however, undergoes the preference anomalies 
signifying that the respondents’ answer to the second question might be influenced by the first 2405 
bid proposed to them [23,24,28]. In other words, the response to the second bid is not always 
independent from the first bid, indicating that different WTP values could be derived from the 
same respondent. This can, consequently, lead to inconclusive results since it is unclear 
whether WTP is correct or not [22,30]. Among these potential anomalies violating the 
assumption above, the two most common are anchoring bias and shift effects.  2410 
The anchoring bias follows if respondents who have uncertain information (a poor 
perception or description given by researchers as a base) on the good valued presume that the 
first bid is information on the true value of the good [24,25,59]. The respondents may, thus, 
anchor the value they place on a good in the first bid [60–63]. Based on the first bid, the 
respondent’s anchored preferences (γ) could be an adjustment of their previous WTP WTPj1. 2415 
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The posterior WTP WTPj2 generated by the adjustment is, accordingly, a weighted average (1 
- γ) of the true WTP WTPj1 and the level of the first bid (γB1) provided by the researcher: 
WTPj2 = (1 - γ) WTPj1 + γB1, where 0 ≤ γ ≤ 1 [22]. The more the anchoring effect (γ) 
increases the closer WTPj2 is to B1, thus increasing bias in the WTP estimate. 
Shift effects arise if respondents interpret the first bid as information on the true cost 2420 
of the policy proposed. Under this perception, a respondent who accepts the first bid may 
regard the second bid as an offer of additional payment for the same object. Similarly, when a 
respondent refuses the first bid payment, the follow-up question could be interpreted as an 
offer for a lower quality level of the object [22,23]. In other words, the respondents’ 
preferences shift between WTPj1 and WTPj2. Supposing a respondent’s response to the first 2425 
payment question WTPj1 is based on his true WTP, then the response to the second payment 
question WTPj2 is based on his true WTP plus the shift effect of a follow up question. The 
shift effect is taken through the addition of a structural shift parameter (δ): WTPj2 = WTPj1 + δ, 
where 0 < δ [23]. A negative sign of the shift parameter shows that the follow up increases 
respondents’ probability of rejecting the second bid [29], thus leading to decline in the WTP 2430 
[22]. 
In terms of yea-saying bias, respondents exaggerate their true WTP in order to accept 
researcher’s offers. In other words, they accept any bids proposed from the researcher without 
considering the bids as information on environmental goods valued [21], consequently, 
overstating their true WTP [26–28]. One possible explanation for the overstatement of the 2435 
true WTP is the presence of the warm glow effect, which is an important factor affecting an 
individual’s decision to make a contribution to the goods [64,65]. The contingent valuation 
response may reflect the individual’s WTP for the moral satisfaction derived from 
contributing to the goods, not just the economic value of the goods. Therefore, WTP could be 
changed by levels of the moral satisfaction, which changes by the size of the contribution [66]. 2440 
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There are many other factors influencing the decision to privately contribute to the 
environmental goods such as social pressure, guilt or sympathy. All of these factors including 
the warm glow bias may encourage a respondent to have a higher tendency to say “yes” to the 
contingent valuation survey question [26]. The yea-saying bias is mostly involved in 
ascending bid sequences, thus resulting in an upward bias in WTP [26,27,29]. 2445 
In the last stage of the contingent valuation survey, respondents are asked the open-
ended question associated with the maximum WTP in order to explore deviant responses to 
the dichotomous choice question. When facing open-ended question, respondents who are 
confident of their WTP in the dichotomous choice question may answer consistently. 
Respondents who overstate or understate their WTP in the dichotomous choice question may, 2450 
on the other hand, answer inconsistently.  
The key of the potential anomaly between WTP values over the survey is the presence 
of anchoring bias, shift, and inconsistent response effects. To confirm our hypothesis that the 
respondents’ WTP over the survey will be significantly influenced by the potential preference 
anomalies, our CVM data are transformed into a panel data structure following Whitehead 2455 
(2002) [25] in iterative valuation questions. The econometric model for respondent j = 1, . . . , 
N, who is observed at several time periods t = 1, . . . , T, can be formulated as: 
WTPjt = αt + δDj + γB1Dj + UWTPjmaxDj + εjt                                    (3.6) 
where α is the intercept. δ, γ, and U are the shift, anchoring, and inconsistency parameters, 
respectively. WTPjmax is the maximum WTP amount from open-ended questions at the last 2460 
stage of the survey. εjt = ut + νjt, where ut is the individual specific error term (random effect) 
which varies across respondents but is time invariant. It explains the WTP due to the 
respondent’s unobservable characteristics. νjt is the random error term which varies across 
time and respondents. With the assumption that both error terms are independently and 
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identically distributed with mean zero (N (0, σ2u), N (0, σ
2
ν)), Dj in the observed WTPjt which 2465 
is located in interval, lower and upper bounds, denotes a dummy variable with the value of 
one Dj = 1 with follow-up questions in the double-bounded contingent valuation survey and 
zero otherwise [25].  
If the anchoring bias exists, the anchoring parameter (γ) will be positive (0 < γ < 1) 
and statistically significant. If the shift effect is present, the shift parameter (δ) will be 2470 
negative (δ < 0) and statistically significant. If the inconsistent response effect exists, the 
inconsistency parameter (U) will be positive (U > 0) and statistically significant. The 




ν) is a measure of the ratio of the 
variance of the panel-level variance component in the model. In this study, the random-effects 
interval-data regression models in Stata (command “xtintreg”) are used with the panel data. 2475 
To focus on the examinations of the preference anomalies, socio-demographic variables are 
not included in the model. 
 
3.3 Study Area, Survey Design and Administration 
3.3.1 Study Area 2480 
The Han River basin lies on five administrative districts, namely Seoul, Incheon, Gyeonggi-
do, Gangwon-do, and Chungcheongbuk-do. The basin includes Paldang Lake, Bukhan River 
and Namhan River (Figure 3.1). The area of the basin is 24,988 km2 and accounts for 69.6% 
of the total area of these five administrative districts (35,927 km2). The population of the 
basin is about 20 million, accounting for 71.5% of total population in the five administrative 2485 
districts (approximately 29 million). Regarding land uses, forests cover the greatest area 
(69.1%) of the five administrative districts, followed by rice paddy fields (7.9%) and highland 
crops fields (7.7%) (Table 3.1). Some areas of the Han River basin are designated as water 
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source protection zones following Article IV of the Han River Law. These areas correspond 
to 191.3 km
2
 distributed in Gyeonggi-do (78.2%), Gangwon-do (11.0%), and 2490 
Chungcheongbuk-do (10.8%) [67]. 
 
Figure 3.1 The Han River basin in South Korea, study area 
Due to the monsoon climate condition, it is essential to store water in the rainy season 
in preparation for the dry season. A large number of dams, Chungju, Hoengseong, and 2495 
Goesanin in the Namhan River basin, and Peace, Hwacheon, Soyanggang, Chuncheon, Uiam, 
and Cheongpyeong in the Buckhan River basin, were built in the Han River basin during the 
last four decades for the development of hydroelectric power, flood control, and dealing with 
an increasing water demand for domestic, industrial and agricultural uses. It has been 
substantially needed to sustain the rapid economic growth and population expansion of the 2500 
Seoul metropolitan area downstream of the Han River.  
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In 2011, the average biochemical oxygen demand (BOD) concentration in the 
Namhan River basin ranged from 0.47 to 3.48 mg/L. Total phosphorus concentration was also 
very high and originated from pollutants released from highly concentrated population areas, 
livestock farming and agricultural activities associated with the production of summer crops 2505 
such as Chinese cabbage and radish in the highland areas of the basin. In particular, heavy 
rain events have caused the turbidity of water to worsen, leading to increases in water 
treatment costs and decreases in the quality of ecosystems [14]. For example, heavy rain 
events during typhoon Ewiniar in 2006 led to the export of a massive quantity of sediments to 
Soyang Lake and, in turn, caused long term discharge problems within the basin. For instance, 2510 
the number of nepthelometric turbidity units (NTU) of water was twenty five times higher in 
2006 (328 NTU) than in 2005 (13 NTU) [15]. 
Table 3.1 Area, population, and land use in the Han River basin.  
Administrative 
district 

















148 15 13 120 605 605 10,575 0 
(0.6) (0.5) (0.5) (0.6) (1.7) (2.4) (51.8) (0.0) 
Incheon 
410 184 86 140 1029 99 980 0 
(1.7) (6.5) (3.1) (0.7) (2.9) (0.4) (4.8) (0.0) 
Gyeonggi_do 
5518 1375 952 3191 10,167 7886 7476 149.6 
(22.2) (48.5) (34.6) (16.6) (28.3) (31.6) (36.6) (78.2) 
Gangwon_do 
13,721 590 1,036 12,095 16,693 12,355 914 21.1 
(55.3) (20.8) (37.6) (62.9) (46.5) (49.4) (4.5) (11.0) 
Chungcheongbuk_do 
5015 669 666 3680 7433 4043 487 20.6 
(20.2) (23.6) (24.2) (19.1) (20.7) (16.2) (2.4) (10.8) 
Total 
24,812 2833 2753 19,226 35,927 24,988 20,432 191.3 
(100) (100) (100) (100) (100) (100) (100) (100) 
Note: The numbers in parentheses are the proportions of each contents, respectively. 
 2515 
The highland areas (over 400 m in altitude) of the Han River basin are well developed 
for highland agriculture during the summer season. Heavy rain events during the summer 
season further accelerate soil erosion and nutrient runoff in the highland fields where about 50% 
of the highland fields have more than 15◦ slope. Since agrochemicals are intensively overused, 
the fertility of the topsoil is poor. For example, highland Chinese cabbage and radish farmers 2520 
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in Gangwon Province apply 1.4 times more nitrogen (N), 2.4 times more phosphoric acid 
(P2O5), and 2.0 times more potassium oxide (K2O) than the regulated standards [10]. This has 
led to a high level of concentrated turbid water in rivers and lakes of the basin, considerably 
decreasing water quality and degrading aquatic ecosystem [14,15]. 
3.3.2 Survey Design and Administration 2525 
In this study, the head of households of the Han River basin was targeted for the contingent 
valuation survey. The survey includes questions related to the respondents’ WTP for the land 
use policy such as the highland agricultural restriction program, as well as information about 
their socio-demographic characteristics. We provided the respondents with the information of 
contingent valuation scenario as a means of taking plausible future alternatives into account 2530 
[68] on: (1) the importance of highland vegetable farming, which plays a vital role in the 
supply of domestic summer crops (since summer Chinese cabbage and radishes can only be 
produced in the highland agriculture fields due to the low temperature during the summer 
season, it is very critical to satisfy domestic consumers with their fresh produce); (2) the 
primary cause of soil erosion in the highland dry fields with steep slopes and the 2535 
consequential turbidity in water; (3) their current and potential damages to the Han River 
basin; (4) the proposal of the highland agriculture restriction policy as its alternative; and (5) 
the need for financing mechanisms to support highland farmers for the conversion and the 
compensation for their income loss.  
We held focus group discussions, which included 50 random residents over 19 years 2540 
old recruited from the Han River basin (five administrative districts) to obtain information on 
their perceptions and preferences for water use and its quality. Based on this preliminary 
analysis using data gathered from the focus group meetings, four bid levels of payments in the 
double-bounded dichotomous choice format were set up as follows: Type A, KRW 2,000 
(higher KRW 4,000 or lower KRW 1,000); Type B, KRW 4,000 (higher KRW 8,000 or lower 2545 
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KRW 2,000); Type C, KRW 6,000 (higher KRW 12,000 or lower KRW 3,000); and Type D, 
KRW 8,000 (higher KRW 16,000 or lower KRW 4,000). The first bid level of each type is 
proposed to the respondents. When the answer is positive, a doubled value for the bid is asked, 
and, when the answer is negative, a half value for the bid is asked. In terms of recognizing 
inconsistent responses, an open-ended question deriving the maximum WTP amount was 2550 
asked at the last stage of the questionnaire. The first and second bids and ratio of acceptances 
for each bid are represented in Table 3.2. 
Table 3.2 The first and second bids proposed, and proportion of acceptance in the 
double-bounded contingent valuation survey. 














1000 0.03 (0.04) 2000 0.52 (0.58) 4000 0.47 (0.34) 
2000 0.01 (0.00) 4000 0.38 (0.38) 8000 0.57 (0.20) 
3000 0.00 (0.00) 6000 0.36 (0.35) 12,000 0.54 (0.09) 
4000 0.00 (0.00) 8000 0.34 (0.18) 16,000 0.72 (0.13) 
Note: Respondents are asked for a yes-no answer to the WTP question with the first bids assigned 2555 
randomly. If positive, a new question with a higher bid is asked (“yes” bid follow-up). If negative, 
a new question with a lower bid is asked (“no” bid follow-up). Acceptance ratio is the proportion 
of “yes” responses to each bid. The values in parentheses are the percentage after correcting 
inconsistent responses with open-ended WTPs. 
 2560 
Internet survey methods were employed instead of face-to-face interviews due to time 
and budget constraints. Sheehan (2001) [69] highlighted that many studies have touted the 
promise of e-mail surveys for research. With rapidly growing access rate to the Internet 
around the world in general and in South Korea in particular, researchers obtain many 
important advantages from online surveys by email or on the web, including cost efficiency 2565 
and effective survey administration with respect to time and resource management [70–74]. 
By precise tracking of e-mailed surveys, the researcher can know the number of undeliverable 
e-mail as well as what time the e-mail survey was opened, replied to and deleted. This can 
improve sampling procedures [75]. People are apt to give longer open-ended responses to e-
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mail, which tend to be more candid, than other types of surveys. This can also increase 2570 
response quality [75,76] by avoiding the problem of social desirability and interviewer biases, 
both well-known problems of face-to-face interview surveys [77]. 
For the sampling approach, we used a quota sample technique, as an important kind of 
non-probability samples. We set quotas on key variables, which shape who is chosen for the 
sample, so-called quota controls such as age, gender, and regional population. It could not 2575 
only balance the bias inherent in using public hearings to gauge wider public sentiment, but 
also provide the additional information on respondents at a substantially lower cost and in 
much less time than a probability sample could [78,79]. The sample size of 2015 households 
with ±5% sampling error was accepted based on the 2011 demographics of the five 
administrative districts of the Han River basin. The CVM questionnaires were evenly and 2580 
randomly distributed to each administrative district in order to prevent the survey from being 
substantially conducted in populous downstream areas and one bid level from being 
concentrated in one district. 
The information on socio-demographic characteristics of households crucial for the 
valuation is widely used by planners and policymakers for programmatic purposes, in 2585 
particular for the planning of community institutions, and for determining the community 
needs and requirements. In addition, changes in household characteristics have an impact on 
the decision-making regarding allocations and the distribution of goods and services [80,81]. 
 
3.4 Results and Discussion 2590 
3.4.1 Profile of Surveyed Households 
For the households surveyed in this study, the number of male (53.6%) was slightly larger 
than that of female (46.4%). In the contingent valuation survey, the responses of household 
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head or their spouse are very important because they directly make it possible for the 
researcher to achieve a better idea about the variables that affect their true WTP and explain 2595 
differences in consumption behavior regarding goods and services [82]. 
The response rate for the respondents who did not have children or did not reside 
together with their children (52.9%) was slightly higher than that of respondents who had 
children residing together (47.1%). The number of household members is negatively 
correlated with the WTP of the household for the highland restriction policy. This is because 2600 
household budgets are tighter for larger families than for smaller families with the same 
income [83].  
The number of surveyed households of upstream areas (40.1%) was almost the same 
as that of downstream areas (39.9%). Due to repeated water quality deterioration, downstream 
residents may be more likely to accept the highland agricultural restriction policy on water 2605 
quality improvement, while upstream residents may be more likely to reject the policy 
because of the concern about a potential income loss from constraints of economic activities. 
The average number of years respondents had stayed in their current residence was 
about 23 years. The respondents who lived longer in the Han River basin may give more 
reliable answers to WTP questions because they directly or indirectly observed more water 2610 
quality problems [15]: 96.6% of the respondents agreed that the turbid water inflow 
prevention measure is needed for water quality improvement; 95.7% also agreed that the 
individuals have to take responsibility for conserving and managing water quality. 
The average annual income of respondents was in the range of 35.0 to 40.0 million 
KRW and those who earned from 30.0 to 39.9 million KRW per year (20.9%) were the 2615 
largest proportion. Income variable tends to have positive direction in payment for social 
benefit improvement because respondents with higher levels of income may be more likely to 
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desire clean and safe drinking water [84]. Table 3.3 presents profile of households surveyed 
in this study method.  
Table 3.3 Profile of households surveyed in the double-bounded contingent valuation 2620 
method. 
Questions  Examples Proportion (%) 
Annual total household income 1. Less than 2.0 14.1 
2. 2.0 to less than 3.0 17.3 
3. 3.0 to less than 4.0 20.9 
4. 4.0 to less than 5.0 16.0 
5. 5.0 to less than 6.0 11.5 
6. More than 6.0 20.2 
Gender 1. Male 53.6 
2. Female 46.4 
Household size 1. No children 52.9 
2. Residing with children 47.1 
Current residence (downstream: 1, 2; 
midstream: 3; upstream: 4, 5) 
1. Seoul 19.9 
2. Incheon 20.0 
3. Gyeonggi_do 20.0 
4. Gangwon_do 20.1 
5. Chuncheongbuk_do 20.0 
Number of years respondent has resided in 
the current residence (year) 
 22.5 
Individual importance of water quality 
conservation and management 
1. Important 95.7 
2. Unimportant 4.3 
Need for the turbid water inflow 
prevention measure to the Han River basin 
1. Necessary 96.6 
2. Unnecessary 3.4 
 
3.4.2 Correcting the Potential Preference Anomalies and Willingness to Pay 
Around 54.0% of the respondents accepted the highland agricultural restriction program for 
water quality improvement of the Han River basin. In addition, we detected that about 21.4% 2625 
of the respondents who are in favor of the highland restriction policy gave lower WTP values 
in the open-ended questions than the accepted bid in the follow-up questions (inconsistency 
between the open-ended WTP value and the chosen closed-end bid in intervals). Figure 3.2 
shows that although the bid level in the “yes” bid follow-up question increases, the proportion 
of “yes-yes” responses of the 54% respondents accepting the policy increases, violating the 2630 
basic consumer theory. Regardless of a rise or fall in the bid level, the proportion of “yes-yes” 
responses of the respondents who made contradictory answers across the closed-ended and 
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the open-ended questions was very high, showing 100% probability for bid choice. This 
might come from some factors including the yea-saying bias. As mentioned earlier, the 
presence of yea-saying bias in the CVM may be motivated by the warm glow effect, which 2635 
results from the private contribution (moral satisfaction, social pressure, guilt, and sympathy) 
to the environmental goods [26]. On the other hand, as the bid levels increase, the proportion 
of “yes-yes” responses of the respondents who gave consistent answers to the closed-ended 
and the open-ended questions decreases.  
 2640 
Figure 3.2 Choice probability of the consistent and inconsistent responses to the “yes” bid 
follow-up question. 
 
Table 3.4 presents the results of the random-effects interval-data regression models. The 
naïve model is defined as the base random-effects interval-data model, which is unconcerned 2645 
about possible preference anomalies. The shift effect is introduced as a dummy variable (Dj), 
defined as the shift effect model. The results indicate the negative sign of this variable (δ = -
1273.20), which is occasionally mentioned as the nay-saying effect (a downward shift in 
WTP). While this is contrary to the yea-saying effect founded by Chien et al. (2005) [26], it is 
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consistent with Gelo and Koch (2015) [22], Alberini et al. (1997) [23], and Whitehead (2002) 2650 
[25] (δ < 0). 
In the anchoring effect model, B1Dj is introduced to grab potential anchoring bias, i.e., 
respondents’ answers to the second payment questions may be affected by the first bids. The 
results show that the coefficient of the anchoring variable B1Dj is negative (γ = -0.04) and 
statistically significant (p < 0.01). This violates the assumption that if the second response is 2655 
anchored to the first bid amount the coefficient of B1Dj will be positive and its value lies in 
between zero and one (0 < γ < 1). As stated by Whitehead (2002) [25], the negative 
anchoring effect might be attributed to model misspecification because the starting bid 
amount is interacted with the shift dummy variable.  While our result is in line with Gelo 
and Koch (2015) [22], and Whitehead (2002) [25], it is opposed to Chien et al. (2005) [26] 2660 
and Flachaire and Hollard (2006) [28]. 
To confirm that the anchoring bias may be incorrectly capturing other effects, we 
consider the concurrent existence of both shift and anchoring effects, defined as the shift–
anchor model. The results of this model indicate that the shift effect is negative and 
statistically significant, which is identical with the single shift effect model. The anchoring 2665 
effect is positive and statistically significant, which is corresponding to the assumption of the 
standard anchoring effect model showing presence of anchoring bias. 
Finally, the shift–anchor–inconsistency model, considering the combination of anchoring, 
shift, and inconsistent response effects, shows that the results of shift and anchoring effects 
accord with the assumption of the standard shift and anchoring effect models. The 2670 
inconsistent response effect is positive (U = 0.06) (a upward shift in WTP) implying the yea-
saying effect is statistically significant. Some previous studies [22,85,86] classified the 
inconsistent response into a “no” response to the second bid for controlling the yea-saying 
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behavior. However, we directly consider the inconsistent responses in the shift–anchor–
inconsistency effect interval-data model, which could be the main difference. 2675 
Table 3.4 Parameter estimates of the random-effects interval-data regression models. 





Variable β (std.err) β (std.err) β (std.err) β (std.err) β (std.err) 
α 
4977.94 *** 5038.13 *** 5117.47 *** 5008.51 *** 5025.02 *** 




−2012.2 *** −2127.36 *** 




−0.04 *** 0.50 *** 0.42 *** 
 (0.01) (0.05) (0.02) 
U 
    
0.06 *** 
(0.01) 
ρ 0.99 *** 0.99 *** 0.99 *** 0.99 *** 0.99 *** 
Log 
likelihood 
−1750.71 −1656.01 −1744.76 −1469.50 −1424.87 
Observations 1091 1091 1091 1091 1091 
Mean WTP 4913.23 3715.98 5050.90 2957.82 2860.46 
Note: α is the intercept; δ, γ, and U are the shfit, anchroring, and inconsistency paraemters, 
respectively; and ρ is the coefficient of the proportion of the total variance contributed by panel-level 
variance components (sigma_e and sigma_u). *** p < 0.01; 1 We also estimated the random-effects 
interval-data regression models with socio-economic variables such as income, gender, household size, 2680 
etc., and examined the goodness of fit compared to the shift–anchor–inconsistency model. This result 
shows that the shift–anchor–inconsistency is statistically better than the other model. Thus, we used 
the shift–anchor–inconsistency model without socio-demographic variables in order to estimate the 
mean WTP per household. 
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For evaluation of model fit between the models, we performed the log-likelihood test. 
In comparison with the two models which have high log likelihoods, shift–anchor–
inconsistency versus shift–anchor, the results show that the shift–anchor–inconsistency model, 
which considers shift, anchoring, and inconsistent response effects all together, results in a 
statistically significant improvement in model fit. 2690 
 Another focus of this study lies on the elicitation of the respondents’ WTP for the 
highland agriculture restriction policy in the Han River basin. The mean WTP values in Table 
3.4 were adjusted to constant 2013 Korean currency (KRW) by applying a Consumer Price 
 ９９ 
 
Index (CPI) provided by Statistics Korea [87] to take into account inflationary effects. On the 
basis of the shift–anchor–inconsistency model, the monthly average WTP per household was 2695 
estimated at KRW 2,861. This WTP value sharply declined by 41.8% (around KRW 2,053) 
compared to that of the naïve model (around KRW 4,913), which does not consider any 
preference anomaly. As each of the potential preference anomalies is, in turn, corrected, the 
log likelihoods increased and the WTP values decreased. This result indicates that correcting 
shift, anchoring, and inconsistent response effects simultaneously contribute to increasing the 2700 
goodness of fit of the model, consequently deriving much better or more reliable WTP 
estimates. We do not take the single anchor model into consideration since this model violates 
the assumption about the range of γ parameter (0 < γ < 1). 
 
3.5 Benefit Calculations 2705 
Final focus of this study is the calculation of the benefits generated by water quality 
improvement due to the implementation of the highland agriculture restriction policy in the 
Han River basin. Before the benefit calculation, we need to define who these benefits from 
the policy belong to, or who the beneficiaries are. In South Korea, the Han River basin is a 
primary source of drinking water supply as well as providing many tangible and intangible 2710 
benefits to its mid- and downstream areas. Based on the benefits provided by the Han River, 
the mid- and downstream areas have been economically developed (urban or metropolitan 
areas) while the upstream areas have not (rural areas) [17]. Although the water use charge has 
been, since 1999, implemented for supporting communities and their people in the upstream 
areas and water quality improvement programs in the basin, some problems pertaining to the 2715 
distribution of the benefits still remain along with frequent turbid water discharge problems. 
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The implementation of the highland agriculture restriction policy aiming at water 
quality improvement patently restricts economic activities of the upstream residents including 
farmers. Instead, the mid- and downstream residents are entirely benefited by the policy for 
the improvement of water conditions. Based on this circumstance, we calculate the total 2720 
benefit generated by the highland agriculture restriction policy and compare the benefits to 
the costs associated with land use policies to protect and improve water quality in the basin. 
The result of calculated benefits to the mid- and downstream areas obtained from the 
land use restriction policy in the upstream areas is shown in Table 3.5. Based on the 
population (approximately 8.7 million households) provided by Statistic Korea in 2013 [87], 2725 
the total benefits are calculated to be around KRW 297.73 billion per year. The downstream 
residents had the highest benefits at around KRW 156.20 billion per year and the midstream 
residents’ benefits were around KRW 141.53 billion per year (see Table 3.5). 
Table 3.5 Total benefit of the mid- and downstream areas estimated from the land use 




Mean WTP Total Benefit 






Incheon 982,811 33.74 






Note: The number of households and the annual average income per household are obtained from 
the Statistics Korea in 2013. 
 
We made a comparison of these total benefits with the costs associated with land use 
policies to protect and improve water quality supported by the water use charge. The water 2735 
use charge is mainly used for community support programs in upstream areas of the basin, 
upstream farmland purchase and riparian zone management, construction and operation of 
waste treatment facilities, etc. We considered the costs of the upstream farmland purchase and 
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riparian zone management as a comparison item with the total benefits. In 2013, the costs 
were around KRW 129.44 billion and accounted for 29.8% of the total charge, the second 2740 
largest proportion after the construction and operation of waste treatment facilities. Table 3.6 
shows the results of benefit–cost comparison. The net benefit is around KRW 168.29 billion 
(see Table 3.6). 
Table 3.6 Comparison result of the benefits and costs from the highland agriculture 
restriction policy in the Han River basin. 2745 
Administrative 
Province 
Total Benefit (A)  
(Billion KWR/Year) 
Total Cost (B)  
(Billion KWR/Year) 
Net Benefit  
(A−B) 
Mid- and downstream areas 297.73 129.44 168.29 
 
The costs related to the upstream farmland purchase and riparian zone management in 
2013 increased double compared to that in 2012 [88]. This indicates that, to prevent the high 
soil erosion from highland agricultural fields, as a prime pollutant, from inflowing to the 
basin, the investment cost of purchasing upstream farmland has gradually increased. However, 2750 
many of the upstream lands purchased (non-farming areas) are not relevant to the highland 
agriculture. Since the highland farmers who actually earn their income from such summer 
crop production have deep concern for their heavy income loss, most of them do not want to 
give up farming in the highlands. 
To improve the negotiation for practical purchase of the high mountainous agricultural 2755 
fields, valid compensation for the highland farmers’ income loss should be a high priority. To 
realize this, there is a need to increase the unit cost of the highland purchase, which means 
more costs should be invested in the highland purchase programs. 
Operational problems of the water use charge along with frequent turbid water 
discharge problems in the basin exist. Wasteful and inefficient fund use for water quality 2760 
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control, e.g., overinvestment in waste treatment facilities and temporary expedients for 
supporting upstream communities, has been criticized by all local communities in the Han 
River basin [14,89]. If these inefficiently used costs could be invested in other items such as 
the highland agriculture field purchase and riparian zone management, problems in terms of 
financing would be to some extent resolved. 2765 
 
3.6 Conclusions and Policy Implication 
This study aims at: (1) examining potential preference anomalies such as shift, anchoring, and 
inconsistent response effects when the double-bounded dichotomous choice question format 
is used in the contingent valuation survey; (2) eliciting WTP of the respondent for the 2770 
highland agriculture restriction policy on water quality improvement in the Han River basin, 
South Korea; and (3) comparing the total benefits from the policy to the total cost of land use 
restriction policies to improve water quality. Before implementing the land use policy, it is 
necessary to examine the preferences of residents for the policy. This result could be used to 
value the outcome (i.e., change in utility/welfare of individual water users through water 2775 
quality improvement). However, the use of water as an environmental (or non-market) good 
frequently accompanies non-priced side effects (i.e., environmental externalities). Therefore, 
the contingent valuation method could be used in order to elicit the preferences (WTP) and 
carry out economic valuation for the water policy making. When respondents are, however, 
faced with new or unfamiliar environmental goods or services, they are likely to experience 2780 
uncertainty [90] such as systematic WTP response bias [32,85], which is caused by a lack of 
experience with market for non-traded goods [22]. Thus, preference anomalies of respondents 
may exist and bring about incorrect assessment of the water policy. 
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In this study, these potential preference anomalies are tested by the random-effects 
interval-data regression models. The empirical results indicated that significantly anomalous 2785 
preferences are presented in our survey data. As the shift, anchoring, and inconsistent 
response effects were corrected in order, the statistical precision of parameter estimates was 
also improved. After correcting the potential preference anomalies, estimated welfare gains 
are on average KRW 2,861 per month per household. Based on the WTP estimate, the total 
benefits from the highland agriculture restriction policy are around KRW 297.73 billion and 2790 
the total costs are around KRW 129.44 billion. The net benefit is, thus, around KRW 168.29 
billion.  
In order to make practical land use restriction policies, the valid compensation for the 
highland farmers’ income loss is necessary and this could be realized through increase in the 
unit cost of the highland purchase. In terms of financing arrangement, wasted or inefficiently 2795 
used costs (e.g., overinvestment in waste treatment facilities, and temporary upstream 
community support) should be spread across other cost items, in particular over the purchase 
program of the high mountainous agriculture fields. The results of our analysis provide South 
Korean legislators and land use policy makers with useful information for the approval and 
operationalization of the policy. 2800 
As stated by the Millennium Ecosystem Assessment [91], water bodies provide 
various ecosystem services such as food provision, biodiversity, recreation, tourism, 
amenities, drinking water, etc. to society. In this study, we consider only one service, water 
quality improvement generated by land use restriction policy. The total benefits estimated 
from our analysis are also associated with the water quality improvement due to the 2805 
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3.9 Appendix  3040 
3.9.1 Water consumers questionnaire I 
SQ1. Gender 
1. Male  2. Female 
SQ2. Age (   year) 
1. 19 to 29  3045 
2. 30s 
3. 40s  
4. Over 50 
SQ3. Residential districts  
1. Seoul  3050 
2. Incheon  
3. Gyeonggi-do  
4. Gangwon-do   
5. Chuncheongbuk-do  
6. Otherwise ☞ Interview closing  3055 
SQ4. Head of the household  
1. Yes  2. No ☞ Interview closing 
PART A. Water quality perception and water use behavior in the Han River basin  
A1. Do you know the fact that the Han River is a source of water that is supplied to your 
residential district? 3060 
1. Yes  2. No   
A2. Please tell us what you normally use the tap water or the Han River for (multiple 
responses)  
1. Drinking water 
2. Water for living  3065 
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3. Water for commercial use (fishing, recreation) 
4. Private water activities (swimming, fishing, boating, water-skiing, windsurfing) 
5. Enjoying river scenery  
6. Artistic activities such as pictures and paintings 
7. Experience in natural  3070 
8. Water for agricultural use 
9. Otherwise  
A3. What is the distance from your residence to the Han River? 
1. Less than 10km 
2. 10 to 30km  3075 
3. 30 to 50km  
4. 50 to 70km 
5. 70 to 100km 
6. 100 to 150km 
7. 150 to 200km 3080 
8. More than 200km 
A4. How often do you see the Han River in your daily life including commuting? 
1. One or more per day 
2. One or more per week  
3. One or more per month 3085 
4. Hardly  
5. Never  
A5. How do you feel about the quality of water in the Han River? 
1. Excellent ☞ Go to A5-1 
2. Good  ☞ Go to A5-1  3090 
3. Normal ☞ Go to A5-2 
4. Bad ☞ Go to A5-3  
5. Very bad ☞ Go to A5-3 
A5-1. Why do you think that the Han River has good water quality?  
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1. It looks clean  3095 
2. Tap water can be drunk without purifying  
3. Most of the media say that the water quality is good in the Han River  
4. It is possible to swim in the Han River 
5. It is possible to eat fish taken in the Han River  
6. It does not smell in the Han River 3100 
7. Otherwise  
A5-2. Why do you think that the Han River has normal water quality? 
1. It looks clean  
2. Tap water can be drunk without purifying  
3. Most of the media say that the water quality is good in the Han River  3105 
4. It is possible to swim in the Han River 
5. It is possible to eat fish taken in the Han River  
6. It does not smell in the Han River 
7. Otherwise  
A5-3. Why do you think that the Han River has bad water quality? 3110 
1. It does not look clean  
2. It is not possible to drink tap water without purifying  
3. Most of the media say that the water quality is bad in the Han River  
4. It is not possible to swim in the Han River 
5. It is not possible to eat fish taken in the Han River  3115 
6. It smells in the Han River 
7. Otherwise  
PART B. Opinions on conservation and management of water quality  
B1. How important do you think that conserving or managing water quality is at the 
individual level? 3120 
1. Very important  
2. Important  
3. Normal  
4. Unimportant  
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5. Totally unimportant 3125 
B2. How important do you think that conserving or managing water quality is at the national 
level?? 
1. Very important  
2. Important  
3. Normal  3130 
4. Unimportant  
5. Totally unimportant 
B3. What do you think the main pollutants are in the Han River? (Multiple responses)  
1. Factory waste water  
2. Mine waste water  3135 
3. Domestic sewage    
4. Water-related leisure activities  
5. Industrial waste dumping 
6. Landfill leachate   
7. Inflow of contaminated rainwater  3140 
8. Soil erosion from upstream high mountainous agricultural fields in the Han River basin 
9. Otherwise 
PART C. Opinions on the policy for soil erosion prevention and its cost-sharing system  
C1. During summer monsoon, have you seen the turbid water caused by soil erosion from 
upstream areas in the Han River basin?  3145 
1. Yes ☞ Go to C1-1  2. No ☞ Go to C1-2 
C1-1. What did you think of the turbid water in the Han River? (Multiple responses) ☞ Go 
to C2 
1. Boiling drinking water or installing a water purifier  
2. Cost increase in purifying tap water at the national or local government level 3150 
3. Damage to aquatic ecosystems such as fish and plants 
4. Impossible to play in the water such as swimming and boating  
5. Aesthetically unpleasing view  
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6. As time goes by it will return to normal 
7. No problem  3155 
C1-2. What will you do if the turbid water is prevalent in the Han River? Or what do you 
think about prevalent turbid water in the Han River? (Multiple responses) 
1. Boiling drinking water or installing a water purifier  
2. Cost increase in purifying tap water at the national or local government level 
3. Damage to aquatic ecosystems such as fish and plants 3160 
4. Impossible to play in the water such as swimming and boating  
5. Aesthetically unpleasing view  
6. As time goes by it will return to normal 
7. No problem  
C2. What do you think the main causes of inflow of turbid water to the Han River are? 3165 
1. Natural factors such as typhoons and heavy rainfalls  
2. Human factors in failing to prevent damage resulting from soil erosion  
3. A combination of natural and human factors 
C3. Do you think it is necessary to prevent turbid water caused by soil erosion in upstream 
areas from flowing into downstream areas in the Han River basin? 3170 
1. Very necessary  
2. Somewhat necessary   
3. Not really necessary  
4. Wholly unnecessary 
C4. Who should pay for the turbid water prevention measure in the Han River basin? 3175 
1. Local governments or their citizens who benefit from water quality improved by the 
measure  
2. Local governments or their citizens who produce pollution sources and cause turbid water 
3. Both beneficiaries and polluters  




1. Securing funds through reduction or abolition of existing programs of the central or local 
governments  
2. A tax levied on people’s benefits from the restoration of environmental pollution 
3. People’s or businesses’ voluntary donations  3185 
4. Otherwise 
PART D. Domestic radish, Chinese cabbage, and Kimchi purchase intention  
D1. Do you think radish and cabbage, as a main ingredient of Kimchi you have at home or in 
the restaurant are all domestically produced? 
1. Yes ☞ Go to D2-1   2. No ☞ Go to D2  3190 
D2. Do you think domestic radish and cabbage must be used at home or in the restaurant? 
1. Yes ☞ Go to D2-1   2. No ☞ Go to E1  
D2-1. Due to the radish and cabbage produced in high mountainous agricultural fields during 
the summer season, Korean people can have Kimchi throughout the year. However, due to 
floods and droughts during the summer and land use restriction programs if the supply of both 3195 
radish and cabbage is not smooth, prices in domestic radishes and cabbages may sharply 
increase. Consequently, this may lead to significant increase in importing foreign radish, 
cabbage, and Kimchi, especially from China. Are going to purchase only domestic radish, 
cabbage, and Kimchi despite a sharp rise in their prices?  
1. Yes ☞ Go to D2-1-1   2. No ☞ Go to E1  3200 
D2-1-1. Why do you want to have only domestic radish and cabbage or Kimchi? Is the main 
reason the food safety?  
1. Yes ☞ Go to D2-1-1-1   2. No ☞ Go to D2-1-1-2   
D2-1-1-1. If the food safety of imported agricultural products (radish and cabbage or Kimchi) 
is guaranteed are you willing to purchase them? ☞ Go to E1 3205 
1. Yes   2. No  
D2-1-1-2. What is another reason if the main reason is not the food safety? 
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1. Eating domestic products is better for health 
2. Purchasing domestic products is help to farmers 
3. Domestic products are fresher 3210 
4. Otherwise  
PART E. Willingness to pay for soil erosion prevention policy  
Before cultivating radish and Chinese cabbage (RCC) in the fall, during the hot summer 
only RCC produced in high mountainous agricultural fields radish can be supplied and 
enable Korean people to have domestic Kimchi all through the year. However, the 
summer RCC are mostly produce in high mountain areas that have an altitude more 
than 400m and cause massive soil erosion during the summer monsoon. The inflow of 
the soil that contains significant agrochemicals to the Han River leads to the 
contaminated turbid water  
 
Damage from the soil erosion in high mountainous agricultural fields in the lower 
reaches of the Han River 
 
1. Destruction of habitats of animals and plants  
2. Sharp increase in purifying drinking water or unfit to drink  
3. Poor river landscape, causing significant inconvenient for downstream residents and 
negatively affecting tourism 
 
Gangwon province, an upstream area in the Han River basin, has around 85% of the 
highland vegetable-producing areas. The soil erosion from those areas is the main 
cause of the contaminated turbid water in the Han River basin. 
 
We make two assumptions 
 
1. After the discontinuance of radish and Chinese cabbage in high mountain areas 
conversion to other crops can significantly contribute to preventing soil erosion 
2. Since 2013 a policy for fully restricting the highland vegetable–producing agriculture is 





E1. Do you agree with the highland agriculture restriction policy in upstream areas of the Han 
River basin for preventing the turbid water in the downstream areas which is caused by soil 3215 
erosion from highland radish and Chinese cabbage producing areas?  
1. Yes ☞ Go to E1-1  2. No ☞ Go to E1-2   
E1-1. What do you think the most effective method (alternative) is? Please answer after 
careful consideration of benefits from each alternative and costs incurred by implementation 
of those alternatives ☞ Go to E2  3220 
Alternatives 
Conversion from 
radish and Chines 
cabbage (RCC) into 
Benefits Costs 
Possible results after the assumption  
 
1. Need for alternatives such as compensating for farmers’ income loss from the highland 
radish and Chinese cabbage producing restriction policy  
2. Need for the thorough quarantine to guarantee the safety of foreign (China) vegetables 
which are fairly imported to remove concerns over a sharp rise in vegetable prices caused 
by the highland agriculture abandonment (Government’s additional costs)  
  
∵ Consequently, the highland agriculture restriction policy can contribute to 
preventing the inflow of the contaminated turbid water to the Han River. It, 
however, means that the government or individuals should pay for the policy 
(additional costs) in order to gain those benefits 
 
In this case, alternatives (alternative crops or compensation) to ensure farmers to gain 
income more than profits from existing highland agriculture are necessary to make them 
abandon their vegetable producing. In addition, relatively cheap vegetables imported from 
should be supplied to prevent price increases in domestic summer radish, cabbage, and 




Other crops of 100% 
which do not cause 
soil erosion 
Decline in RCC prices 
in domestic markets 
resulting from increase 
in cheap RCC imports 
Easily managed food 
safety  
Decline in domestic timber 
and biofuel (DTB) prices 
resulting from increase in 
cheap DTB imports  
Degraded 
multifunctionality of forest 
2 
Other crops of 50% 
which do not cause 
soil erosion  
Forest of 50% for 
producing timber and 
biofuel 
Decline in RCC prices 
in domestic markets 
resulting from increase 
in cheap RCC imports 
Easily managed food 
safety  
Decline in domestic 
timber and biofuel 
(DTB) prices resulting 
from increase in cheap 
DTB imports  
Degraded 
multifunctionality of forest 
3 
Other crops of 50% 
which do not cause 
soil erosion  
Forest of 50% in 
which all of the 
economic 
activities(clearing or 
cutting) are prohibited 
Decline in RCC prices 
in domestic markets 
resulting from increase 
in cheap RCC imports 





Decline in domestic timber 
and biofuel (DTB) prices 
resulting from increase in 
cheap DTB imports  
4 
Forest of 50% for 
producing timber and 
biofuel 
Forest of 50% in 
which all of the 
economic 
activities(clearing or 
cutting) are prohibited  
Decline in domestic 
timber and biofuel 
(DTB) prices resulting 
from increase in cheap 




Decline in RCC prices in 
domestic markets resulting 
from increase in cheap 
RCC imports 
Increase in costs of 
managing food safety 
5 
Forest of 100% for 
producing timber and 
biofuel 
Decline in domestic 
timber and biofuel 
(DTB) prices resulting 
from increase in DTB 
production 
Decline in RCC prices in 
domestic markets resulting 
from increase in cheap 
RCC imports 
Increase in costs of 
managing food safety 
Degraded 




Forest of 100% in 
which all of the 
economic 
activities(clearing or 




Decline in RCC prices in 
domestic markets resulting 
from increase in cheap 
RCC imports 
Increase in costs of 
managing food safety 
Decline in domestic timber 
and biofuel (DTB) prices 
resulting from increase in 
cheap DTB imports 
 
E1-2. What is the reason why you do not agree with the highland agriculture restriction policy? 
(Multiple responses) 
1. Because abandoning the RCC cultivation in high mountain areas can have a significantly 
negative impact on local economies  3225 
2. Because abandoning the RCC cultivation in high mountain areas can have a significantly 
negative impact on local farmers  
3. Because abandoning the RCC cultivation in high mountain areas can have a significantly 
negative impact on the national economy 
4. Because due to decline in the production of domestic RCC during the summer prices of 3230 
domestic RCC can be sharply rise  
5. Because additional costs are necessary for the highland agriculture restriction policy 
6. Because there might be other alternative methods to prevent only soil erosion without 
abandoning RCC cultivation  
7. Because farmers who cultivate RCC in high mountain areas have to take care of it by 3235 
themselves  
8. Otherwise  
E2. Are you willing to pay KRW (  ) per month by tax for preventing the contaminated 
turbid water in the Han River basin? 
1. Yes ☞ Go to E2-1  2. No ☞ Go to E2-2   3240 
E2-1. Are you willing to pay KRW (  ) per month by tax for preventing the contaminated 
turbid water in the Han River basin? 
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1. Yes ☞ Go to E2-1-1   2. No ☞ Go to E2-1-2   
E2-1-1. Are you willing to pay KRW (  ) per month by tax for preventing the contaminated 
turbid water in the Han River basin? 3245 
1. Yes ☞ Go to E3   2. No ☞ Go to E3   
E2-1-2. Are you willing to pay KRW (  ) per month by tax for preventing the contaminated 
turbid water in the Han River basin? 
1. Yes ☞ Go to E3   2. No ☞ Go to E3   
E2-2. Are you willing to pay KRW (  ) per month by tax for preventing the contaminated 3250 
turbid water in the Han River basin? 
1. Yes ☞ Go to E2-2-1   2. No ☞ Go to E2-2-2   
E2-2-1. Are you willing to pay KRW (  ) per month by tax for preventing the contaminated 
turbid water in the Han River basin? 
1. Yes ☞ Go to E3   2. No ☞ Go to E3   3255 
E2-2-2. Are you willing to pay KRW (  ) per month by tax for preventing the contaminated 
turbid water in the Han River basin? 
1. Yes ☞ Go to E3   2. No ☞ Go to E3   
E3. Please indicate the final accepted amount regardless of ‘yes’ or ‘no’ response. How much 
is the largest amount of money would you pay for the policy of restricting highland vegetable-3260 
producing agriculture in order to prevent soil erosion and contaminated turbid water in the 
Han River basin?  KRW (     ) per month (Include respondents who said KRW ‘0’ ☞ Go 
to E4) 
E4. What is the reason why you don't want to pay for the expense? 
1. I can't afford it financially. 3265 
2. Government should have responsibility for environmental issues 
3. Local government should have responsibility for environmental preventative measures 
4. It has intent to tax more as a turbid water prevention measure  
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5. I have no idea which alternative is the most practical for the turbid water prevention  
6. Otherwise  3270 
PART F. Social economic background  
FQ1. Do you have children? (Multiple responses) 
1. No child  
2. Infants / Kindergartener  
3. Elementary school 3275 
4. Middle school 
5. High school 
FQ2. How many years have lived in your current city? (     ) years  
FQ3. Where were you born?  
1. Districts associated with the Han River basin 3280 
2. Districts associated with the Geum, Nakdong, Yeongsan River basins except the Han River  
3. Districts unrelated to the Han, Geum, Nakdong, YeonGsan River basins  









1 2 3 4 5 6 1 2 3 1 2 3 1 2 3 4 1 2 1 2 3 4 5 
 
DQ5. How much do you earn per year in your household? 3285 
1. Less than 10 million won 
2. 10 million won to less than 20 million won 
3. 20 million won to less than 30 million won 
4. 30 million won to less than 40 million won 
5. 40 million won to less than 50 million won 3290 
6. 50 million won to less than 60 million won 
7. 60 million won to less than 70 million won 
8. 70 million won to less than 80 million won 
9. 80 million won to less than 90 million won 
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10. 90 million won to less than 100 million won 3295 
11. More than 100 million won 
DQ6. Please, mark ‘√’  
 




SQ2. 연령 (만   세) 
① 만 19 – 29세 
② 30대  3305 
③ 40대  
④ 50대 이상 
SQ3. 거주지역  
① 서울  
② 인천  3310 
③ 경기도  
④ 강원도   
⑤ 충청북도  
⑥ 기타 ☞ 면접종료  
SQ4. 가구 세대주  3315 
① 예 
② 아니오 ☞ 면접종료 
Very much ☜ ① ② ③ ④ ⑤ ☞ Very little 
Do you think that the information given in this 





Do you think that the information given in this 





Do you think that the information given in this 







PART A. 한강(북한강, 남한강) 이용 행태 및 수질(水質)에 대한 견해 
A1. 선생님께서 거주하고 계신 지역의 식수원이 한강(북한강, 남한강)이라는 사실을 알고 계
십니까? 3320 
① 알고 있다       ② 모르고 있다   
A2. 평소에 수돗물과 한강(북한강, 남한강)을 어떠한 용도로 이용 또는 활용 하십니까? 
(복수응답 가능)  
① 식수    ② 일반 생활 용수   
③ 사업용(어업, 레크레이션 등) ④ 물놀이(수영, 낚시, 뱃놀이, 수상스키, 윈드서핑 3325 
등) 
⑤ 하천경관 감상   ⑥ 사진, 그림 등 예술 활동 
⑦ 자연체험 학습   ⑧ 농업 용수 
⑨ 기타 ( ) 
A3. 선생님께서 거주하고 계신 지역은 한강(북한강, 남한강)에서 어느 정도 거리에 3330 
위치하고 있습니까? 
① 10Km 이내 ② 10-30Km 이내 ③ 30-50Km 이내 ④ 50-70Km 이내  
⑤ 70-100Km 이내 ⑥ 100-150Km 이내 ⑦ 150-200Km 이내 ⑧ 200Km 이상 
A4. 선생님께서는 일상 생활(출/퇴근을 포함)을 하면서 한강(북한강, 남한강)을 어느 
정도 자주 보십니까? 3335 
① 매일 1회 이상  ② 1주일에 1회 이상 ③ 한달에 1회 이상 ④ 거의 보지 못한다 ⑤ 
전혀 보지 못한다 
A5. 평소 한강(북한강, 남한강)을 이용 또는 활용하면서 수질이 어떻다고 생각하십니까? 
① 매우 좋다 ☞ A5-1로 ② 좋다 ☞ A5-1로 ③ 보통이다 ☞ A5-2로  
④ 나쁘다 ☞ A5-3로 ⑤ 매우 나쁘다 ☞ A5-3로 3340 
A5-1. 한강(북한강, 남한강)의 수질(水質)이 좋다고 생각하시는 이유는 무엇입니까?  
① 보기에 깨끗해 보이기 때문에 
② 수돗물을 그냥 마실 수 있기 때문에 
③ 방송, 신문 등 언론매체에서 수질이 좋다고 하기 때문에 
④ 물놀이를 할 수 있기 때문에 3345 
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⑤ 한강에서 잡히는 물고기를 먹을 수 있기 때문에 
⑥ 한강 물에서 냄새가 나지 않기 때문에 
⑦ 배를 타고 보니 깨끗해 보여서 
⑧ 기타 (     ) 
A5-2. 한강(북한강, 남한강)의 수질(水質)이 보통이라고 생각하시는 이유는 무엇입니까? 3350 
① 보기에 깨끗해 보이기 때문에  
② 수돗물을 그냥 마실 수 있기 때문에 
③ 방송, 신문 등 언론매체에서 수질이 좋다고 하기 때문에 
④ 물놀이를 할 수 있기 때문에 
⑤ 한강에서 잡히는 물고기를 먹을 수 있기 때문에 3355 
⑥ 한강 물에서 냄새가 나지 않기 때문에 
⑦ 배를 타고 보니 깨끗해 보여서 
⑧ 기타 (     ) 
A5-3. 한강(북한강, 남한강)의 수질(水質)이 나쁘다고 생각하시는 이유는 무엇입니까?  
① 보기에 깨끗해 보이지 않기 때문에 3360 
② 수돗물을 그냥 마실 수 없기 때문에 
③ 방송, 신문 등 언론매체에서 수질이 나쁘다고 하기 때문에 
④ 물놀이를 할 수 없기 때문에 
⑤ 한강에서 잡히는 물고기를 먹을 수 없기 때문에 
⑥ 한강 물에서 역한 냄새가 나기 때문에 3365 
⑦ 배를 타고 보니 지저분해 보여서 
 ⑧ 기타 (     ) 
PART B. 수질(水質) 보전 및 관리에 관한 견해 
B1. 선생님께서는 개인적 차원에서 수질(水質)을 보호하고 관리하는 것이 얼마나 
중요하다고 생각하십니까? 3370 
① 매우 중요하다   ② 중요하다   ③ 보통이다 
④ 중요하지 않다   ⑤ 전혀 중요하지 않다  
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B2. 그렇다면, 이번에는 국가적 차원에서 수질(水質)을 보호하고 관리하는 것이 얼마나 
중요하다고 생각하십니까?  
① 매우 중요하다   ② 중요하다     ③ 보통이다 3375 
④ 중요하지 않다   ⑤ 전혀 중요하지 않다 
B3. 선생님께서는 수질(水質)을 오염시키는 주(主)원인이 무엇이라고 생각하십니까? 
순서대로 1순위부터 2순위까지 응답해 주십시오. 1순위 ( ), 2순위 ( ) 
① 공장 폐수    ② 광산 폐수    
③ 생활 하수    ④ 물놀이     3380 
⑤ 산업 폐기물 투기   ⑥ 쓰레기매립장(처리장)으로부터의 침출수   
⑦ 자동차도로의 (오염된) 빗물 유입  
⑧ 한강(북한강, 남한강) 상류 고랭지농업의 토사 유출     ⑨ 기타 ( ) 
PART C. 토사 유출 방지 정책 및 비용 부담 주체에 관한 의견 
C1. 선생님께서는 한강(북한강, 남한강) 상류의 토사 유출로 인하여 한강(북한강, 3385 
남한강) 하류가 흙탕물이 된 것을 본 경험이 있습니까?  
① 예 ☞ C1-1 로     ② 아니오 ☞ C1-2 로 
C1-1. 그렇다면, 흙탕물로 변한 한강(북한강, 남한강)을 보고 어떤 생각이 들었습니까? 
(복수 응답 가능) ☞ 응답 후 C2 로 
① 수돗물을 끓여 먹거나 정수기 설치 등 대책을 세워야 할 것 같다  3390 
② 국가나 지자체 차원에서 수돗물 정화에 예산이 늘어날 것 같다  
③ 물고기들이나 식물들의 생태계가 파괴 될 것 같다 
④ 수영, 보트놀이 등과 같은 물놀이가 불가능할 것 같다  
⑤ 미관상 좋지 않다 
⑥ 시간이 지나면 원래의 상태로 돌아 갈 것 같다  ⑦ 아무런 문제없다 3395 
C1-2. 만약, 여름철 집중 호우 등의 영향으로 한강 상류 지역의 토사가 유출되어 한강이 
흙탕물로 변한다면 어떤 생각이 들것 같습니까? (복수 응답 가능) 
① 수돗물을 끓여 먹거나 정수기 설치 등 대책을 세워야 할 것 같다  
② 국가나 지자체 차원에서 수돗물 정화에 예산이 늘어날 것 같다 
③ 물고기들이나 식물들의 생태계가 파괴 될 것 같다 3400 
④ 수영, 보트놀이 등과 같은 물놀이가 불가능할 것 같다  
⑤ 미관상 좋지 않다  
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⑥ 시간이 지나면 원래의 상태로 돌아 갈 것 같다  ⑦ 아무런 문제없다 
C2. 선생님께서는 한강(북한강, 남한강)의 흙탕물 유입의 주요 원인이 무엇이라고 
생각하십니까? 3405 
① 태풍, 집중호우와 같은 자연적 요인  
② 토사 유출 피해를 방지하지 못한 인적 요인 
③ 자연적 요인과 인적 요인의 복합적 원인   
C3. 선생님께서는 한강(북한강, 남한강) 상류의 토사 유출로 인하여 한강(북한강, 
남한강) 하류에 흙탕물이 생기는 것을 방지하기 위한 대책이 필요하다고 생각하십니까? 3410 
① 매우 필요 ② 어느 정도 필요 ③ 필요하지 않음 ④ 전혀 필요하지 않음 
C4. 선생님께서는 흙탕물 방지 대책 수립을 위한 비용은 누가 부담해야 한다고 
생각하십니까? 
① 맑은 한강으로 인해 혜택을 받는 지자체 및 주민이 부담 
② 흙탕물을 발생시킨 원인자 또는(및) 지자체가 부담 3415 
③ 혜택을 받는 쪽과 원인을 제공한 쪽 모두 비용을 나누어 부담  
C5. 선생님께서는 한강(북한강, 남한강) 하류의 흙탕물 방지 대책 수립을 위한 비용이 
어떻게 조달되어야 한다고 생각하십니까? 
① 정부 또는 지방자치단체의 기존 사업을 축소/폐지하여 예산 확보 후 조달 
② 국민들에게 환경오염 복구를 위한 명목의 세금 추가 징수로 조달 3420 
③ 국민 또는 기업의 자발적 기부금을 통해 조달 
④ 기타 (        ) 
PART D. 국내산 무/배추, 김치 구매 의향 
D1. 선생님께서 가정이나 식당에서 먹는 김치의 주재료인 무/배추가 모두 국내산이라고 
생각하십니까? 3425 
① 예 ☞ D2-1 로    ② 아니오 ☞ D2 로  
D2. 그렇다면, 김치의 주재료인 무/배추가 반드시 국내산이어야 한다고 생각하십니까? 
① 예 ☞ D2-1 로     ② 아니오 ☞ E1 으로 
D2-1. 우리나라는 여름에 출하되는 고랭지 무/배추로 인하여 1년 내내 국내산 김치를 
먹을 수 있습니다. 그러나 여름철 홍수나 가뭄으로 인해 고랭지 지역의 무/배추가 3430 
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원활히 공급되지 못할 경우 국내산 무/배추 가격이 급등하여 외국산(중국) 무/배추와 
김치를 먹을 수도 있습니다. 선생님께서는 국내산 무/배추의 가격이 급등하는 경우에도 
국내산 무/배추 또는 김치만을 구입하여 드십니까?  
① 예 ☞ D2-1-1 로         ② 아니오 ☞ E1 로  
D2-1-1.국내산 무/배추 또는 김치만을 구입해서 드시고자 하는 이유가 안전성 3435 
때문입니까? 
① 예 ☞ D2-1-1-1 로    ② 아니오 ☞ D2-1-1-2 로  
D2-1-1-1. 외국산(중국) 수입 무/배추나 김치의 안전성 문제가 해결될 경우 외국산(중국) 
수입 무/배추나 김치를 구입해서 드실 의향이 있습니까? ☞ 응답 후 E1 으로 
① 예   ② 아니오  3440 
D2-1-1-2. 안전성 때문이 아니라면, 다른 이유는 무엇입니까? 
① 국내산 농산물을 먹는 것이 건강에 좋기 때문에  
② 국내산 농산물을 구입하는 것이 농민에게 도움이 되기 때문에 
③ 국내산 농산물이 신선하기 때문에 
④ 기타 ( ) 3445 
PART E. 토사 유출 방지 정책 수립을 위한 비용 지불 의사액 
※ 아래의 내용을 읽고 답하여 주십시오. 
가을에 무/배추가 출하되기 전까지 강원도 등 고랭지 지역에서 생산되는 무/배추 만이 
김치의 주원료로 공급되어 한여름에도 우리나라 국민들이 국내산 김치를 먹을 수 
있습니다. 그러나 고랭지 지역에서의 무/배추는 400m 이상의 산간 경사지에서 
생산되기 때문에 비가 오면 많은 토사가 하천으로 유입되어 하천을 흙탕물로 만들게 
됩니다.  
고랭지 지역 토사 유출로 인한 피해 
① 한강(북한강/남한강) 하류 지역의 동 ․ 식물의 서식지가 파괴  
② 한강(북한강/남한강) 하류 지역의 식수 사용을 위한 정화 처리 비용 상승 또는 
식수 사용 불가능 





④ 한강(북한강/남한강) 하류 지역의 하천경관이 나빠져 관광 불가능 
이러한 한강(북한강/남한강)의 흙탕물 변화는 무/배추 고랭지 농업의 약 85% 가 
위치한 강원도 고랭지 농업지대의 토사 유출이 주요 원인인 것으로 조사되었습니다.  
여기서 2가지 가정을 하겠습니다. 
가정 ① : 고랭지 지역의 무/배추 생산행위 중단 후 토사유출을 방지할 수 있는 
타(他)작목 전환 대안이 있다고 가정  
가정 ② : 2013년부터 고랭지 지역의 무/배추 경작행위를 전면 중단하는 정책이 
실행된다고 가정 
가정 후 발생 가능한 사례 
발생 사례 ① : 고랭지 무/배추 경작으로 수익을 얻던 농민들을 위해 수익을 보장해 
줄 대안 필요 
발생 사례 ② : 고랭지 무/배추 경작 포기로 인하여 여름철 국내 무/배추 가격 상승을 
우려 조치를 해결하기 위한 해결책으로 중국산 채소 수입. 이 경우 
식품안전 보장을 위해 철저한 검사와 검역이 필요 (정부 추가 예산 
발생) 
∵ 결과적으로 고랭지 무/배추 경작을 전면 중단하여 흙탕물이 발생하지 않게 
됨으로써 얻는 이익을 위하여 국가든 개인이든 추가적 비용을 지불해야 한다는 
것을 의미 
이 경우 한강 상류 무/배추 경작 농업인들에게 기존의 무/배추로부터 얻어 왔던 수익 
이상을 보장할 수 있는 대안(대체작목 제시 또는 보상)이 제시되어야 고랭지 무/배추 
경작인들이 무/배추 경작을 포기할 수 있을 것입니다. 또한 한강 상류 고랭지 무/배추 
경작 포기로 인하여 여름철에 국내산 무/배추 가격이 상승하게 되어 가격상승을 막기 
위한 조치로 중국으로부터 무/배추를 수입해서 싼 가격에 무/배추를 공급해야 
합니다. 
 
E1. 위의 글을 읽으신 후, 선생님께서는 한강(북한강/남한강) 상류 고랭지 농업 
지역에서의 무/배추 경작 행위로 비가 오면 토사가 유출되어 한강(북한강/남한강) 하류 3450 
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지역이 흙탕물로 변하는 것을 방지하기 위하여 한강(북한강/남한강) 상류 고랭지 농업 
지역에서의 무/배추 경작 행위를 제한하는 정책에 찬성하십니까? 반대하십니까? 
① 찬성한다 ☞ E1-1 로    ② 반대한다  ☞ E1-2 로 
E1-1. 한강(북한강/남한강) 상류 고랭지 농업 지역의 토사 유출로 한강(북한강/남한강) 
하류가 흙탕물로 변하는 것을 방지하기 위해 한강(북한강/남한강) 상류 고랭지 농업 3455 
지역에서의 무/배추 경작 행위에 제한이 필요하다면, 다음 중 가장 효과적일 것 같은 
방법은 무엇이라고 생각하십니까? 각각의 대안으로 전환 될 경우에 얻게 되는 혜택과 
포기해야 되는 혜택을 검토한 후 응답해 주십시오. ☞ 응답 후 E2 로  
대안 고랭지 무/배추 경작지 전환 얻게 되는 혜택 포기해야 하는 혜택 
대안 
① 
토사 유출이 발생하지 않는 다른 작물로 
모두 전환 





산림의 공익적 기능효과 
대안 
② 
토사 유출이 발생하지 않는 다른 작물과 
목재/바이오 연료용 산림을 각각 50%의 
비율로 전환 





산림의 공익적 기능효과 
대안 
③ 
토사유출이 발생하지 않는 다른 작물과 
개발이 금지되는 절대 산림을 각각 50%의 
비율로 전환 
전환 작물의 해외수입 대체 
가격하락/식품안전성관리 
용이 





목재/바이오 연료용 산림과 개발이 




산림의 공익적 기능효과 




목재/바이오 연료용 산림으로 모두 전환 
목재/바이오연료 해외수입 
대체/가격하락 
전환 작물의 해외수입 대체 
가격하락/식품안전성관리 
용이 
산림의 공익적 기능효과 
대안 
⑥ 
개발이 금지되는 절대 산림으로 모두 전환 산림의 공익적 기능효과 








E1-2. 그렇다면, 한강 상류 고랭지 농업 지역에서의 무/배추 경작행위를 제한하는 3460 
정책에 반대하는 이유는 무엇입니까? (복수응답 가능)  
① 고랭지 지역에서의 무/배추 경작 전면 중단은 해당 지역 경제에 피해를 주기 때문에 
② 고랭지 지역에서의 무/배추 경작 전면 중단은 해당 지역 농민에게 피해를 주기 
때문에 
③ 고랭지 지역에서의 무/배추 경작 전면 중단은 국가 경제에 피해를 주기 때문에  3465 
④ 국내산 무/배추 생산량 감소로 인해 여름철 국내산 무/배추 가격이 오르기 때문에 
⑤ 무/배추 경작행위를 제한하는 정책에 따라 추가적인 예산이 소요되기 때문에 
⑥ 무/배추 경작은 유지하면서 경작 지역의 토사유출만을 방지하는 정책이 있을 수 있기 
때문에 
⑦ 강원도 고랭지 농업인 스스로 알아서 할 일이기 때문에  3470 
⑧ 기타 (      ) 
E2. 선생님께서는 한강이 흙탕물로 오염되는 것을 방지하기 위해, 월 ( ) 원의 세금을 
추가로 납부하실 의향이 있습니까? 
① 예 ☞ E2-1 로      ② 아니오 ☞ E2-2 로 
E2-1. 그렇다면, 월 ( ) 원의 세금을 추가로 납부하실 의향이 있습니까? 3475 
① 예 ☞ E2-1-1 로     ② 아니오 ☞ E2-1-2 로 
E2-1-1. 그렇다면, 월 ( ) 원의 세금을 추가로 납부하실 의향이 있습니까? 
① 예 ☞ E3 로      ② 아니오 ☞ E3 로 
E2-1-2. 그렇다면, 월 ( ) 원의 세금을 추가로 납부하실 의향이 있습니까? 
① 예 ☞ E3 로      ② 아니오 ☞ E3 로 3480 
E2-2. 그렇다면, 월 ( ) 원의 세금을 추가로 납부하실 의향이 있습니까? 
① 예 ☞ E2-2-1 로     ② 아니오 ☞ E2-2-2 로 
E2-2-1. 그렇다면, 월 ( ) 원의 세금을 추가로 납부하실 의향이 있습니까? 
① 예 ☞ E3 로      ② 아니오 ☞ E3 로 
E2-2-2. 그렇다면, 월 ( ) 원의 세금을 추가로 납부하실 의향이 있습니까? 3485 
① 예 ☞ E3 로      ② 아니오 ☞ E3 로 
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E3. 앞에서 ‘예’ 또는 ‘아니오’라고 답하신 것에 상관없이 최종적으로 납부하실 
의향이 있는 금액을 아래에 적어주십시오. 선생님께서는 한강의 수질 보호를 위한 
토사유출 방지 정책을 위해 매 월 추가로 납부하실 의향이 있는 세금은 최대 얼마입니까? 
월 (                       )원 E4. 선생님께서 한강 수질 보호를 위한 토사유출 방지 3490 
정책을 반대하는 이유는 무엇입니까?  
① 추가적으로 세금을 납부할 여유가 없기 때문에  
② 한강을 깨끗하게 보전하는 것은 정부가 책임지는 것이기 때문에 
③ 한강 상류의 흙탕물 유입 차단은 해당 지자체가 책임지는 것이기 때문에 
④ 흙탕물 발생을 방지를 위한 명목으로 세금을 더 걷으려는 꼼수일 수 있기 때문에  3495 
⑤ 여러 가지 대안이 있을 수 있는데 어떤 것이 가장 좋은 대안인지 모르기 때문에 
⑥ 기타 ( ) 
PART F. 일반적 사항 
DQ1. 선생님께서는 아래 연령대에 속한 자녀가 있습니까? (복수 응답 가능) 
① 자녀 없음  ② 태아/유아(초등학교 입학전까지) ③ 초등학생 ④ 중학생 ⑤ 고등학생  3500 
DQ2. 선생님께서는 현재 거주하고 계신 곳을 포함하여 한강(북한강, 남한강) 관련 
지역에 얼마나 거주 하셨습니까?    (       ) 년  
DQ3. 선생님의 출생지는 어디십니까? 
① 한강 관련 지역 ② 한강 외 4대강 관련지역 ③ 한강 포함 4대강과 관련이 없는 지역 
DQ4. 선생님께서는 학교 교육을 어디까지 받으셨습니까? 3505 
초등학교 중학교 고등학교 대학교 석사 박사 
1 2 3 4 5 6 1 2 3 1 2 3 1 2 3 4 1 2 1 2 3 4 5 
 
DQ5. 가족 모두의 (세금 공제 전) 연간 총 소득은 다음 중 어디에 해당 되십니까? (단, 
혼자 독립하여 살고 있는 경우는 본인의 소득만을 고려하여 주십시오) 
①1천만원 미만 ② 1천만원∼2천만원 미만 ③ 2천만원∼3천만원 미만 
④ 3천만원∼4천만원 미만 ⑤ 4천만원∼5천만원 미만 ⑥ 5천만원∼6천만원 미만  3510 
⑦ 6천만원∼7천만원 미만 ⑧ 7천만원∼8천만원 미만 ⑨ 8천만원∼9천만원 미만 
⑩ 9천만원∼1억원 미만   ⑪ 1억원 이상  
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그렇다 보통 아니다 
매우 
아니다 
6-1. 설문지를 작성하는데 제공된 정보는 
충분했다고 생각하십니까?      
6-2. 각각의 제공된 정보들이 귀하가 알고 
있던 것과 동일합니까?      
6-3. 설문지의 정보 및 설문지 작성을 잘 
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Abstract: In this study, we use the Contingent Valuation (CV) method to estimate 
households’ willingness to pay (WTP) for the aquatic ecosystem health (biodiversity) 
improvement. This paper extends CV studies by dealing with the endogenous effect of a 3535 
proxy variable, namely the subjective experience of negative environmental quality changes. 
The results show that the correction for the endogeneity bias facilitates the efficiency of 
parameter estimation in the empirical model. The mean WTP per household accounts for 
around 46.8% (KRW 79.6) of the current water use charge (KRW 170 per cubic meter). The 
total benefit from conserving the biodiversity is around KRW 198.62 billion. We found 3540 
several factors that affect households’ WTP for fish biodiversity conservation, suggesting the 
importance of these factors in the formulation of water policies associated with aquatic 
biodiversity. In addition, the inefficient water management costs should be redistributed to 
other projects or new programs such as for the fish biodiversity conservation.  
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4.1. Introduction 3545 
Fish is at the very top of the aquatic ecosystem food chain and is widely used as a water 
quality indicator organism [1,2]. Rich fish diversity contributes to not only the provision of 
social-economic services, but also to the maintenance of the ecological balance of natural 
resources [3]. The restoration of fish habitats and the increases in populations of endangered 
fish can, thus, contribute to an improved provision of various ecosystem services [4,5]. On the 3550 
contrary, decreases in fish biodiversity may have an adverse impact on the value of cultural 
services of aquatic ecosystems such as recreation, ecotourism, and education. Once the 
cultural value is distorted it can never be replaced [6]. Therefore, fish biodiversity 
conservation confers wider environmental benefits and also protects aquatic biodiversity for 
future generations [7]. 3555 
The Han River basin is a primary source of drinking water for the Seoul metropolitan 
area in South Korea [8,9]. This basin is considered to have better aquatic biodiversity as a 
vital component of the stream food chain such as trophic diatom, benthic macroinvertebrate, 
and fish compared to other basins [10]. However, despite continuous efforts of the Korean 
government, the water quality of the basin has been an issue for years. The Han River 3560 
Drinking Water Source Quality Improvement and Residents Support Act (hereafter “The Han 
River Law”) was, accordingly, established in 1999. A water use charge was introduced as a 
prime financial source for water quality improvement as stipulated in the Han River Law. 
Residents in the mid- and downstream areas in the Han basin (Seoul, Incheon, and part of 
Gyeonggi-do) who are supplied with water from upstream water source protection zones (part 3565 




One of the most severe water quality problems in the basin is attributed to water 
turbidity. This problem has occurred along with heavy rain events during the summer 
monsoon [8,13]. A high level of soil erosion from mountainous agricultural fields in upstream 3570 
areas of the basin is also blamed for the contaminated turbid water problem [8,13]. An 
increase in turbidity levels is a primary cause of degrading water quality which leads to the 
degradation of aquatic ecosystems [14]. The negative effects of turbid water include, for 
example, breathing disorders, reduction in fertility, stunted growth, and destruction or 
degradation of fish habitat in all layers of the river from top to bottom [15–18]. Although fish 3575 
diversity provides an important source of nutrition (food), commerce, and recreation for 
people [19,20], the frequent contaminated turbid water has accelerated loss in fish diversity 
due to the absence of practical policies and finance for the conservation and protection of 
endangered aquatic biota [21]. 
Taking fish diversity to social-economic services and ecological balance into account, 3580 
endangered fish species extinction would lead to a severe welfare loss to all communities in 
the basin. This loss indicates that fish species endangered by turbid water should have a high 
priority in biodiversity conservation and water management decisions which influence social 
well-being [22]. Consequently, economic valuation studies on fish biodiversity conservation 
would provide policy makers with crucial information for a better understanding of the 3585 
economic value of fish biodiversity. Such information can raise the awareness of the 
significance of aquatic biodiversity conservation. 
The contingent valuation (CV) method as a stated preference approach has been 
widely used in the literature due to its capability of measuring the non-market value of 
ecosystem services [5,23]. Accordingly, there have been a number of studies using the CV 3590 
method in order to measure a public preference for aquatic biota conservation [24–31]. Most 
of them are, however, based on single fish species which have the public’s great attention. 
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Since many people express a strong preference for conserving their favorite individual species, 
the WTPs may be overrated by the bias in the valuation literature. The biased information 
may result in a failure to fulfill conservation policy aims [22]. 3595 
Despite its popularity, the CV method has potential problems about proxy variables, 
e.g., attitudes toward and satisfaction levels for an environmental quality change as important 
determinants of WTP [32]. A proxy variable based on subjective experience of environmental 
quality changes may be influenced by the unobserved characteristics of respondents, which 
affect their WTPs. If the unobserved characteristics are correlated with both the subjective 3600 
experience variable and the WTP, the coefficient of the variable will be biased in a WTP 
model. This is defined as the endogeneity bias [32]. In other words, any WTP models with the 
existence of endogeneity bias would provide inconsistent parameter estimates [33]. 
Against these circumstances, we, first of all, investigate the factors that affect 
households’ WTP for aquatic biodiversity conservation in the Han River basin. Instead of 3605 
single fish species, wider assessments of aquatic biodiversity conservation are carried out 
based on the change in fish communities influenced by turbid water. Secondly, we examine 
and correct the endogeneity bias of a proxy variable underlying unobservable characteristics 
based on the subjective experience (direct or indirect) of negative environmental quality 
changes caused by the turbid water. Finally, we elicit households’ WTP for aquatic 3610 
biodiversity conservation and estimate the total benefits. 
Our study contributes to the literature in two aspects. Methodologically, we use a 
bivariate probit model to improve the statistical accuracy of parameter estimates through 
correction of the endogeneity bias, a potential problem of the CV method. Empirically, we 
calculate the total benefits (monetary value), which are regarded as an ecosystem service 3615 
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value elicited from the improvement in aquatic biodiversity due to the policy enforcement, 
and provide pragmatic settlement for the policy relation. 
Our paper is structured as follows. Section 2 presents the description of case study 
areas including the issues associated with the distribution of water use charges and 
degradation and destruction of aquatic ecosystems (endangered fish communities). Section 3 3620 
describes the methodology of the study. The empirical results and discussion are presented in 
Section 4. Section 5 summarizes the conclusions and policy implications. 
 
4.2 The Paldang Lake Case Study 
The Han River basin lies on Seoul and Incheon (downstream), Gyeonggi-do (midstream), and 3625 
Gangwon-do and Chungcheongbuk-do (upstream) (Figure 4.1). The area and human 
population of the basin are 24,988 km2 and around 20.4 million, respectively. The upstream 
areas have the highest proportion of the area (65.6%, 16,398 km
2
), followed by the mid- 
(31.6%, 7886 km
2
) and the downstream areas (2.8%, 704 km
2
). On the contrary, the 
downstream areas have the highest proportion of the population (56.6%, around 11.5 million), 3630 
followed by the mid- (36.6%, around 7.5 million) and the upstream areas (6.9%, 1.4 million). 
The highland area for vegetable production in the basin which leads to the high soil erosion as 
a prime cause of the contaminated turbid water problem is 2753 km
2
. Around 61.8% (1702 
km
2
) of the vegetable areas belong to the upstream areas. The water source protection zones 
in the basin correspond to 191.3 km2 and are predominated around the Paldang Lake in the 3635 




Figure 4.1 The study area, Han River Basin in South Korea. 
Around the Paldang Lake as a main drinking water source in the Han River, basin 
pollution control and waste treatment facilities have been established and expanded year by 3640 
year in order to protect or improve water quality. However, it has not been improved and 
there were growing needs for more systematic water management. The Han River Law was 
accordingly promulgated in 1999. Following the beneficiaries’ pay principle, a water use 
charge was introduced to arrange finance required for the Han River management fund. The 
charge has been increased from KRW 80 per cubic meter in 1999 to KRW 170 per cubic 3645 
meter in 2014 (KRW is the currency unit of South Korea, and at the time of the survey (year 
2014), USD 1 equaled KRW 1053.30) [11]. The residents in the mid- and downstream areas 
who receive various tangible and intangible benefits from the Han River have to pay this 
charge to the fund [8,9].  
The Han River basin management fund is used for (1) construction and operation of 3650 
waste treatment facilities; (2) upstream land purchase and riparian zone management; (3) 
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upstream community support program; (4) water quality improvement programs such as 
natural stream restoration, non-point pollution source treatment, eco-friendly clean industry 
development, and drinking water source management; (5) operating expenses; and (6) total 
pollutant load management [12] (Table 4.1). 3655 
















































































































































































































 The values in parentheses are the proportions of each expenditure item to total water use charges. 
Contaminated turbid water which is released from high mountainous agricultural 
fields in upstream areas of the basin is still persistent. During the summer season, the 
highland vegetable farming is well developed in upstream areas over 400 m in altitude from 3660 
the Han River basin. Intensively overusing chemical fertilizers such as nitrogen (N), 
phosphoric acid (P2O5), and potassium oxide (K2O) cause the topsoil to be poor. Farmers in 
the highland areas use 1.4 times of N, 2.4 times of P2O5, and 2.0 times of K2O more than the 
standard level of fertilizers recommended by the government [8,34]. Since about 50% of the 
highland fields descend steeply (more than 15◦ slope), soil erosion and nutrient runoff in the 3665 
highland fields are further accelerated by heavy rain events during the summer season [8,35].  
As stated by Kwak (2005) [36], the annual soil losses in the highland vegetable fields 
which have more than 15◦ slope are an average of 624.69 tons per hectare. This is eight times 
larger than those in other crop fields. Comparing with the Organization for Economic 
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Cooperation Development (OECD) norm for annual soil losses (average 11 tons per hectare), 3670 
only 17.8% of the highland fields (below 7
◦
 slope) meet the norm and the rest (82.2%) cause 
serious soil losses. This has led to a sharp rise in turbidity levels and a decline in water quality, 
consequently degrading the aquatic ecosystems of the basin. 
The fish assessment index (FAI) is one of the biological indicators for aquatic 
ecological health assessment using the composition and diversity of collected fish species. 3675 
The FAI is classified into four categories: “A (Excellent): 87.5 ≤ FAI ≤ 100”, “B (Good): 56.2 
≤ FAI < 87.5”, “C (Fair): 25.0 ≤ FAI < 56.2”, and “D (Poor): 0 ≤ FAI < 25.0”. The higher the 
value of FAI, the better the ecological health [10,37,38]. Based on the FAI, fish species living 
in category D (poor water quality) such as Silurusasotus, Cyprinuscarpio, and 
Carassiusauratus, which are much less affected by turbid water, are dominant in the Paldang 3680 
Lake [21]. The proportion of fish species living in category A (excellent water quality) of the 
basin such as Rhynchocyprisoxycephalus, Rhynchocypriskumgangensis, and 
Brachymystaxlenok had been sharply reduced from 22.2% in 2008 to 12.5% in 2011 [10].  
Stress index (SI) is another useful tool for predicting the effects of the pollution 
intensity of turbid water [39]. The higher the value of SI, the more stressful the fish habitat is. 3685 
Kim et al. (2007) [15] investigated the impacts of turbid water on the individual number, 
density, and communities of fish by comparing the SI of fish habitat in a turbid (Daegi) 
stream (TS) with that in a non-turbid (Bongsan) stream (NTS). It showed that the TS with a 
mean SI of 10.3 has an eighty-four times higher stressful fish habitat than the NTS with a 
mean SI of 5.3. The NTS is dominated by Rhynchocypriskumgangensis (around 86.4%) living 3690 
in category A (excellent water quality), whereas the TS is dominated by Zacco platypus or 
koreanus (around 32.0%), Orthriasnudus, Iksookimiakoreensis, and Pseudogobioesocinus 
(around 37.5%) living in category C (fair water quality) and category D (poor water quality). 
Fish density in the NTS was 4.1 times higher than that in the TS. Similarly, the fish 
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community in the NTS is very analogous to that in natural streams of similar size. On the 3695 
other hand, the TS has totally different fish communities. These results show that the inflow 
of massive soil to streams destroys fish habitats by filling spaces between gravel and crevices 
in rocks. It also degrades biodiversity through a break in the food chain caused by burying 
periphyton and benthos as primary producers. Fish communities may be considerably 
changed under strong stresses provoked by contaminated turbid water as aquatic chronic 3700 
toxicity, risking the ecological balance of the basin [15,40,41]. 
Operational problems of the fund have been, in addition, posed along with frequent turbid 
water discharge problems in the Han River basin. The wasteful and inefficient use of the fund 
for water quality control, e.g., overinvestment in waste treatment facilities, underperforming 
land purchase of riparian zones, temporary community support, has been criticized by all 3705 
local communities (stakeholders) [8,11]. While residents in the downstream areas call for the 
refusal or abolition of the water use charge, residents in the upstream areas ask for further 
compensation for their contributions for providing aquatic ecosystems services for the 
lowland areas [8,12].The responsibility for aquatic biodiversity conservation is still in dispute 
between stakeholders of the river system, without evaluating the economic benefits from 3710 
conservation. Still, not much is known about the economic value of aquatic biodiversity and 
also the potential impact of its loss on social well-being [43]. 
 
4.3 Methodology 
4.3.1 Measuring Welfare Change with Contingent Valuation Method Section 3715 
Ecosystem services are contributions of ecosystem structure (various species composition 
making up the biophysical architecture) and function (capacity to provide goods and services 
that satisfy human needs, directly and indirectly) to human well-being [44–46], by (1) 
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creating economic wealth (income) and (2) preventing damages that impose costs on society. 
Therefore, both of these issues should be accounted for in policy assessments [47]. 3720 
In the Han River basin, current measures and budgets required for aquatic biodiversity 
conservation are, however, insufficient to reduce contaminated turbid water from degrading 
aquatic ecosystems. There are, moreover, few studies associated with measuring positive and 
negative effects of the conservation policy. It is, thus, important to assess the economic 
benefits (monetary values) generated by the policy in order to derive optimal levels of 3725 
conservation. This can help to gain reliable and objective information on trade-offs between 
benefits through aquatic biodiversity improvement and opportunity costs of abandoning 
economic and recreational activities [14,48]. 
The economic values of aquatic biodiversity are defined in the context of human welfare 
[49] and estimated by exploiting its effects on human welfare [23]. Individuals’ welfare can 3730 
be affected by changes in quality of aquatic biodiversity [50]. As noted by Hicks (1943) [51], 
the concept of compensating surplus (CS) can be used to measure gain or loss from aquatic 
biodiversity. This welfare measure can be interpreted as individuals’ WTP for proposed new 
programs, improving quality in aquatic biodiversity which increases their welfare [23,50]. 
An alternative is the estimation of the willingness to accept (WTA) to compensate for the 3735 
loss of aquatic biodiversity. However, it is widely believed that the WTA measure is rarely 
used in the stated preference approach (SPA) because the SPA is not incentive-compatible for 
WTA measure. The National Oceanic and Atmospheric Administration (NOAA) Blue Ribbon 
Panel on the CV also recommends researchers to measure WTP which is likely to provide 
(cautious) lower values, not WTA which may provide higher values [51]. We, thus, apply 3740 




This method is based on hypothetical scenarios which are similar to real conditions for 
aquatic biodiversity conservation. This can be much clearer by considering the relation 
between the expenditure function as dual to the indirect utility function and the Hicksian CS 3745 
measure. The CV approach can be a way of estimating changes in the expenditure function or 
in the indirect utility function [57]. It has the capability of appropriately gaining the CS for an 
increase in the quality of aquatic biodiversity [23]. 
4.3.2 Contingent Valuation Scenarios and Target Population 
In this study, we take into account aquatic biodiversity with regard to the abundance of fish 3750 
communities, i.e., fish assessment index (FAI) and stress index (SI) showing the condition of 
aquatic ecosystems, according to water quality categories. Hwang et al. (2013) [10] indicated 
that based on the mean FAI in a recent three year period (2010 to 2012), the Han River basin 
overall belongs to category B (good water quality), but its FAI slightly decreased from 60.6 
(2007 to 2009) to 59.9 (2010 to 2012). A close look at the result revealed that the proportion of 3755 
category A (excellent water quality) decreased from 22.1% to 14.6%, whereas the proportion of 
category C (fair water quality) increased from 26.1% to 29.5%. As stated by Mills et al. (1985) 
[58], if the concentration of suspended solids (SS) lasts for 31 days in a range of more than 25 
mg·L
−1
 per year or for 11 days in a range of more than 80 mg·L
−1
 per year, it causes serious 
damage to fish habitats in rivers. This is equivalent to a mean SI ranging from 9.8 to 10.0 year
−1
 3760 
corresponding to Kim et al. (2007) [15] (SI of 10.3 in the turbid stream of the basin). 
In this respect, it is evident that the habitat of aquatic life in the basin has been influenced 
by contaminated turbid water, which indicates that fish communities are most likely to change 
under significant environmental stress caused by contaminated turbid water. Thus, we 
evaluate the WTP stated by households directly or indirectly associated with the basin in 3765 
order to improve current levels of the mean FAI and SI. In the hypothetical market scenario, 
respondents are asked to choose a bid proposed or state a value for the improvement of the 
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levels of mean FAI and SI 1) by increasing the proportion of water quality category A by 
around 15% (from 14.6% to 30.0%) and decrease that of category C by around 15% (from 
29.5% to 15.0%), and (2) by reducing or keeping the concentration of SS below 25 mg·L
−1
 per 3770 
year which have no negative impact on the habitat of aquatic life, consequently leading to 
abundance of fish communities (aquatic biodiversity) in the basin. 
Following Whitehead et al. (1995) [59], the mid- and downstream on-site users of water 
from the Paldang Lake in the Han River basin are surveyed in this study. This is based on 
their acquaintance with the goods, and also with the fact that the WTPs of on-site users are 3775 
more reliable because non-users do not take into account their income constraints when 
presenting their WTP. The CV results developed with direct knowledge of the goods, which 
narrows the gap between hypothetical and real markets, are valid [60]. 
To elicit households’ WTP, we use the single-bounded (SB) dichotomous choice 
question format in which respondents are asked for a yes-no answer to the WTP question 3780 
developed by Alberini (1995) [61], Bishop and Heberlein (1979) [62], Haab and McConnell 
(2002) [57], and Hanemann et al. (1991) [26]. Compared to the double-bounded (DB) format 
in which respondents are asked a second dichotomous choice question that depends on the 
answer to the first, the SB format derives less information from respondents and is thus less 
efficient. It is, however, less complex to implement the survey and to analyze the data, and is 3785 
relatively free from potential preference anomalies such as anchoring and shift biases that the 
DB format has [3,26,63]. 
To set up a good bid level (or starting point), which promotes respondents to reveal their 
true WTP [64,65], we first had discussions with two focus groups which include each 20 
household heads over 19 years old. The heads are randomly selected from the mid- and 3790 
downstream target population in order to gain information on (1) the preference for water use 
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and water quality; (2) the perception of water use charges and aquatic biodiversity 
conservation; and (3) the level of WTP for the aquatic biodiversity conservation. Based on 
this preliminary analysis using data gathered from the focus group meetings, the bid levels for 
the WTP are Type A-20% (KRW 34), Type B-40% (KRW 68), Type C-60% (KRW 102), 3795 
Type D-80% (KRW 136), and Type E-100% (KRW 170) of the current water use charge (170 
KRW per cubic meter). Table 4.2 shows each type of bid level proposed and the proportion of 
respondents’ acceptance and refusal for each bid. 
Table 4.2 The bids proposed and the proportion of acceptance and refusal for each bid in 
the contingent valuation survey. 3800 
Type of Bid Levels (KRW) 
Type A Type B Type C Type D Type E 
20% (34) 40% (68) 60% (102) 80% (136) 100% (170) 
1
 
Acceptance proportion 0.75 0.52 0.37 0.21 0.23 
Refusal proportion 0.25 0.48 0.63 0.79 0.77 
1
 The values in parentheses are the amounts of money corresponding to each type of bid level 
(proportion of the standard water use charge). They were provided together for the convenience 
of respondents choosing a bid proposed. 
 
4.3.3 Survey Design and Administration 3805 
A quota sampling approach as a non-probability sample technique is used in this CV study. 
The main advantage of this quota sampling is to provide further information at a lower cost 
and in a faster time than a probability sample approach [66,67]. Setting up three quotas such 
as age, gender, and regional population, the sample size of 500 households with ±5% 
sampling error was decided based on the 2013 demographics of the mid- and downstream 3810 
areas in the Han River basin. To prevent one bid level from being concentrated in one district, 
each type of bid level is evenly and randomly distributed to each district: midstream-288 
(Type A-57, Type B-57, Type C-56, Type D-58, and Type E-58) and downstream-212 (Type 
A-43, Type B-43, Type C-42, Type D-42, and Type E-42). 
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The survey was carried out via e-mail instead of face-to-face interviews because it is 3815 
being touted as a cost-effective and efficient survey implementation tool in many studies [68–
73]. Specific tracking of the number of lost e-mails and the time the e-mail survey was started, 
replied to, and deleted can improve sampling procedures [74]. The e-mail survey can also 
increase response quality. This is because respondents are prone to give longer, more detailed, 
and plainer responses by e-mail compared to other types of surveys [74,75]. 3820 
4.3.4 Data Analysis 
We use a bivariate probit model to examine the determinants of households’ WTP. The probit 
model not only generates predicted values between 0 and 1, but also fits well to the non-linear 
relationship between the probabilities and the explanatory variables [76,77]. The probit model 
is defined as: 3825 
𝑦𝑗
∗ = β𝑋𝑗 + 𝜀𝑗 ,  {
𝑦𝑗 = 1 if 𝑦𝑗
∗ > 𝑏𝑖𝑑𝑗




∗represents the unobservable jth respondent’ actual WTP for aquatic biodiversity 
conservation; 𝑋𝑗  is a vector of the explanatory variables; β is a vector of parameters of 
explanatory variables; 𝜀𝑗  is the unobservable random component distributed 𝑁 (0, 𝜎); and 
𝑦𝑗 is the discrete response of the jth respondent to the bid, 𝑏𝑖𝑑𝑗, payment question (yes = 1 or 
no = 0). 3830 
As stated by Whitehead (2006) [32], the WTP model for an improvement in aquatic 
biodiversity is 𝑊𝑇𝑃𝑗 = β𝑋1𝑗 + θ𝑠𝑒𝑗 + 𝜀1𝑗, where 𝑠𝑒𝑗 is a subjective experience (both direct 
and indirect) of the environmental quality change, and θ is a parameter of the subjective 
experience. If the subjective experience variable is omitted, the WTP model is 𝑊𝑇𝑃𝑗 =
β𝑋1𝑗 + 𝑒1𝑗, where 𝑒1𝑗 is the new error term: 𝑒1𝑗 = θ𝑠𝑒𝑗 + 𝜀1𝑗. If the subjective experience 3835 
variable is correlated with any of the components of 𝑋1𝑗 , 𝑒1𝑗  is not separate from the 
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independent variables, thus leading to a bias in parameters of the 𝑋1𝑗 due to the correlation 
with the subjective experience of the quality change. 
The potential endogeneity bias can result from the inclusion of the subjective experience 
variable as a proxy variable. The level of the experience of the quality change is a subjective 3840 
judgment which differs across individuals. The model of the subjective experience can be 
denoted as 𝑠𝑒𝑗 = π𝑋2𝑗 + 𝜀2𝑗, where 𝑋2𝑗 is a vector of variables which present the level of 
the subjective experience of the change in environmental quality, π is a vector of parameters 
of the 𝑋2𝑗, and 𝜀2𝑗 is a normally distributed error term. By putting the subjective experience 
model, 𝑠𝑒𝑗, in the former WTP model, the new WTP model can be generated as 𝑊𝑇𝑃𝑗 =3845 
β𝑋1𝑗 + θ(π𝑋2𝑗 + 𝜀2𝑗) + 𝜀1𝑗. If the common unobservable factors have an impact on both the 
subjectively perceived quality and the WTP, the correlation between 𝜀1𝑗  and 𝜀2𝑗  leads to 
another correlation between the subjective perception variable and the error term in the WTP 
model [32]. 
If there are, in other words, the same unobserved characteristics of the individuals that 3850 
influence their likelihood of gaining subjective experience of the environmental quality 
change and their WTP as well, basic (naïve) probit models may cause the biased and 
inconsistent parameter on the subjective experience variable because they would reveal the 
mixed effect of the subjective experience and unobservable attitudes towards the 
environmental quality changes. The endogeneity bias would be positive or negative if the sign 3855 
of the effect of the unobserved characteristics of the individuals is the same or opposite, 
respectively [33]. 
The potential endogeneity bias may lead to unreliable estimates of households’ WTP. In 
particular, the relation between the subjective experience of the quality change and the 
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response to the bid payment question (WTP) may be biased. Therefore, we used a two-3860 
equation bivariate probit model as follows [78,79]. 
𝑦1𝑗
∗ =  β1𝑋1𝑗 + 𝜀1𝑗 
𝑦2𝑗














∗  and 𝑦2𝑗
∗  are latent variables and are not observable. S𝐸𝑗
∗ indicates the inclination to 
have the subjective experience of the environmental quality change, 𝑊𝑇𝑃𝑗
∗  shows the 
inclination to accept the bid proposed in the payment question, implying the WTP for the 
aquatic biodiversity conservation. The two latent variables can be, however, observed from 3865 
the dichotomous variables, 𝑦1𝑗 (whether a respondent has directly or indirectly experienced 
environmental quality changes) and 𝑦2𝑗 (actual answer of a respondent to the bid payment 
question). S𝐸𝑗
∗  and 𝑊𝑇𝑃𝑗
∗  can be, thus, associated with the two reciprocative and 
observable dichotomous variables, experience and acceptance. 
Following Cappellari and Jenkins (2003) [80], the relation between experience and 3870 
acceptance was modeled along with a bivariate probit model using the mvprobit in STATA. 
This can enable the unobserved variables, S𝐸𝑗
∗ and 𝑊𝑇𝑃𝑗
∗, to be jointly distributed as a 
multivariate normal with a free correlation coefficient, ρ  [33]. We first derived the 
determinants of WTP using the naïve model (Model 1) where acceptance is the dependent 
variable with the explanatory variables including experience. We then attempted to control 3875 
the potentially endogenous experience using the bivariate probit model. One equation where 
experience is the dependent variable and the basic WTP equation (accept) simultaneously 
included in the multivariate probit model (Model 2). The variables in the experience equation 
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would reflect only on S𝐸𝑗
∗ , but not on 𝑊𝑇𝑃𝑗
∗  after correcting for parameters of other 
variables in the model. The variation in S𝐸𝑗
∗ which is not correlated with the variation in 3880 
𝑊𝑇𝑃𝑗
∗ may enhance the elicitation of the relation between experience and acceptance, while 
correcting for the correlation between the experience and the error terms in the WTP model. 
Following Ahlheim and Schneider (2013) [81], Farolfi et al. (2007) [82], Jones et al. 
(2008) [83], Mendonca and Tilton (2000) [84], Ojeda et al. (2008) [85], Phuong and 
Gpalakrishana (2003) [86], and Zhongmin et al. (2003) [87], we hypothesize that the 3885 
households’ WTP for the aquatic biodiversity conservation are affected by (1) five socio-
demographic variables for their characteristics: gender (male or female, dummy variable), age 
(year), children (whether to have children residing together, dummy variable), current 
residence of respondents (Gyeonggi-do: midstream, Seoul and Incheon: downstream, dummy 
variable), and income (low, med, high, dummy variable) and (2) two proxy variables for the 3890 
quality change such as the perception of water quality (a 5-point Likert scale with a range 
from (1) very bad to (5) very good), and the subjective experience of environmental quality 
changes (yes or no, dummy variable). Table 4.3 presents the descriptive statistics (variable 
definition, mean, and standard deviation) of those variables used in the bivariate probit model. 
Table 4.3 Descriptive statistics of variables used in the WTP model. 3895 









Gender of respondent (1 = male, 0 






age Age in years 42.41 11.47 
1. Less than 30 
2. 30 to less than 40 
3. 40 to less than 50 
4. 50 to less than 60 







1 if respondent resides with 
children together, 0 = otherwise 
(dummy variable) 
0.34 0.47 
1. No children 




1 if respondent lives in Gyeonggi-
do belonging to the midstream 
area in Han River basin, 0 = 











1 if respondent lives in Seoul 
belonging to the downstream area 
in the Han River basin, 0 = 
otherwise (dummy variable) 
0.58 0.49 
region_d3 
1 if respondent lives in Incheon 
belonging to the downstream area 
in the Han River basin, 0 = 
otherwise (dummy variable) 
0.33 0.47 
lowincome_d1 
1 if income of respondent is less 
than KRW 30 million, 0 = 
otherwise (dummy variable) 
0.23 0.42 
1. Less than 20.0 
2. 20.0 to less than 40.0 
3. 40.0 to less than 60.0 
4. 60.0 to less than 80.0 







1 if income of respondent is 
between KRW 30 million to less 
than KRW 50 million, 0 = 
otherwise (dummy variable) 
0.33 0.47 
highincome_d3 
1 if income of respondent is more 
than KRW 50 million, 0 = 





Respondent’s current water 
quality perception (1 = very bad, 










1 if respondent has directly or 
indirectly (media) experienced 
environmental quality changes 
(turbid water, perish of fish, 








4.4 Result and Discussion 
4.4.1. Profile of the Surveyed Households 
Of the 500 households surveyed in this study, the average income was in the range of KRW 
40.0 million to less than KRW 50.0 million per year per household. In general, higher income 3900 
households may not be significantly affected by a deduction from their total income for the 
bid amount. The household member variable is likely to have a negative influence on WTP. 
As household member increases, budgets tighten for larger families and their WTP decreases 
[81,88]. Gyeonggi-do is close to the Paldang Lake as a prime water source and has the largest 
benefits from the use of water resources (i.e., drinking, fishing, recreation, etc.) provided by 3905 
the Paldang Lake. They are also close to the upstream area (Gangwon-do) including most of 
the high mountainous agricultural fields as a prime source of non-point pollution. Water 
quality deterioration caused by turbid water may lead to a decline in the benefits of the 
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household in Gyeonggi-do [89,90]. If households have greater negative experiences and 
perceptions of the current water quality and fully recognize that the Paldang Lake provides 3910 
diverse benefits to them, they may be more willing to pay for the aquatic ecosystem 
conservation program [13] (see Table 4.3). 
Nearly all of the respondents (99.2%) felt the necessity of the aquatic biodiversity 
conservation program for the aquatic ecosystem health improvement in the Han River basin, 
whereas around 73.0% of the respondents accepted the program. The prime reason for the 3915 
refusal (27.0%) of the program was that respondents are highly skeptical of the effect of the 
program (74.0%), followed by uncertain benefits of water users gained from the program 
(19.3%). This consequence shows that the mid- and downstream residents tend to distrust 
existing water management policies including the water use charge. They also doubt the 
benefits they will receive from the new programs proposed. 3920 
4.4.2 Correcting the Endogeneity Bias and Identifying the Determinants of WTP 
To explore anomalous answers to the dichotomous choice (closed-end) question, respondents 
are asked with the open-ended question to specify their maximum WTP at the last stage of the 
CV survey. Respondents who are certain of their WTP in the closed-end question may 
respond to the open-ended question consistently. Those who aberrantly reveal their WTP in 3925 
the closed-end question may, on the contrary, respond inconsistently [8]. We did not find any 
inconsistent results between the accepted closed-end bid in intervals and the open-ended WTP 
value. Since the accepted bid in the SB question is at broader intervals compared to that in the 
double-bounded (DB) question, there might be to some extent a limit to minutely detect 
aberrant responses through the comparison of the two questions. We, nevertheless, tried to 3930 
reduce any possibility of other biases affecting respondents’ WTP in the CV data. Since the 
result shows that the inconsistent response bias might not be present, we, thus, focused on 
controlling the endogeneity bias in this study. 
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Table 4.4 shows the results of Model 1 which does not consider the endogeneity bias versus 
Model 2 (combination of experience and acceptance equations) which controls the bias. Based on 3935 
the Wald test in Model 2, the null hypothesis that the correlation coefficient, ρ, among the two 
dichotomous variables experience and acceptance is equal to zero is rejected. The latter model 
considering the endogeneity bias, therefore, results in a statistically significant improvement in 
model fit. 
Table 4.4 Variable Parameter estimates of the naïve probit model versus the multivariate 3940 
probit model. 
Variables 
Model 1 Naïve Model Model 2 Multivariate Model 
Acceptance Experience Acceptance 
bid −0.011 ***  −0.008 *** 
experience 0.245 **  −1.159 *** 
gender −0.001 0.220 *** 0.108 
age −0.001 0.006 0.001 
children 0.373 0.281 0.408 *** 
neardistance_d1 0.308 ** 0.012 0.262 
middistance_d2 −0.194 ** 0.020 −0.132 
fardistance_d3    
lowincome_d1    
medincome_d2 −0.234 *** −0.011 −0.201 *** 
highincome_d3 −0.222 *** −0.052 −0.212 *** 
wqpercep −0.200 *** 0.210 ** −0.060 
constant 1.396 ** −0.673 ** 1.501 *** 
ρ  0.825 *** 
Log-likelihood −289.400 −589.420 
Wald test of ρ = 0  𝑥2(1) = 5.894 *** 
Observations 500 500 
*** p < 0.01, ** p < 0.05, * p < 0.10. 
 
The result of the Model 1 can be contrasted with that of the Model 2. As discussed earlier, 
the higher the level of the bid proposed increases, the higher the probability of accepting the 3945 
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bid decreases. The bid, accordingly, has negative and significant parameter estimates across 
the two models. We can confirm that the effect of experience on WTP is significant in both 
models. However, its sign conversely changed from being positive in Model 1 to negative in 
Model 2. This is because the positive correlation, ρ, between experience and the error terms 
in Model 1 exists. Due to the correlation, the true effect of experience on WTP is most likely 3950 
to be biased. 
The parameters of the explanatory variables estimated from Model 2 are associated with 
the correlation between the error terms of the experience and acceptance equations. In other 
words, if the respondents have the subjective experience of the negative aquatic ecosystem 
changes, the presence of their unobserved characteristics is more likely to encourage the 3955 
variables to advocate the aquatic biodiversity conservation (positive effect). If the unobserved 
characteristics leading to the endogeneity bias are, however, corrected, the sign of the effect 
of experience turns negative. It is assumed that despite the contribution of the mid- and 
downstream residents to the water use charge aiming at water quality control, many of them 
have observed and heard about the damage from contaminated turbid water to aquatic biota. It 3960 
makes them skeptical of the effectiveness of the water use charge. Thus, they have a fairly 
negative attitude toward any levies on new programs. 
The respondents who are aware that the Paldang Lake provides tangible and intangible 
benefits such as drinking water, recreational activities, and aesthetic amenities for them were 
not only favorable to the aquatic biodiversity conservation program, but were also more likely 3965 
to pay for the program. The long term turbid water discharge problems have, however, made 
it harder for the mid- and downstream residents to have those benefits. In particular, the 
residents who have observed and heard negative changes in environmental quality may try to 
find alternatives where they can enjoy outdoor activities again (experience). Those who 
already contribute to finding the alternative solution and regaining the benefits in different 3970 
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areas may be less likely to accept the payment proposed for the aquatic biodiversity 
conservation in the Han River. 
Contrary to the result from Model 1, the regional difference in WTP among the mid- and 
downstream areas (region_d1, region_d2, region_d3) and the perception of current water 
quality (wqpercep) were not significantly correlated with households’ WTP in Model 2. Our 3975 
expectation was that as households have benefits from the Paldang Lake and have more 
negative water quality perception, the possibility for bid choice increases. The reason is 
because they gain more benefits from using water resources provided by the Paldang Lake. 
They also recognize that the aquatic biodiversity conservation program will have a direct and 
positive impact on water quality and their local economy [13]. However, after correcting for 3980 
the bias of experience in Model 2, the effects of region and wqpercep on WTP were not 
significant. They might be affected by the (true) change in the sign and the effect of 
experience. This means the two variables’ parameters derived from Model 1 may be 
inaccurate due to the impact of experience which have endogeneity bias, resulting in the 
biased WTP estimates. In fact, there would be no WTP difference among the mid- and 3985 
downstream areas in the Han River basin since all residents along the river would have 
experienced the turbidity problems. 
It is usually considered that income (lowincome_d1, medincome_d2, highincome_d3) 
should be positively correlated with WTP [50,91,92]. The sign of the income variable was, 
however, negative in Model 1 after controlling the endogeneity bias contrary to our 3990 
expectation. There can be a different interpretation of this consequence as low and middle 
income households would be willing to pay more for the aquatic biodiversity conservation 
program than high income households. In other words, the low and middle income 
households are more susceptible to water quality and aquatic ecosystem conditions. If the 
water quality and the aquatic ecosystem conditions are, for instance, improved through the 3995 
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program, the low and middle income households can decrease not only the costs of drinking 
water purification, but also transfer costs of enjoying the recreational activities in different 
areas. By contrast, the high income households can easily find alternatives [9]. Our results are 
consistent with Stevens et al. (1991) [93] and Shin (1994) [94] who reported the negative 
income effects on WTP. Stevens et al. (1991) [93] discovered the negative effect of income in 4000 
both closed-end and open-ended Tobit models in estimating the existence value of wildlife 
using the CV method. They stated that most of respondents who would pay revealed behavior 
contradictory to the neoclassical theory underlying the CV method [24] (p. 399). Shin (1994) 
[93] also detected the negative sign of income in identifying conservation values of 
environmental goods indicating that the option value in trading practices for possible future 4005 
use of wilderness resources seems to be more vital to low and middle income people. The 
parameter of the income variable estimated in our study, thus, has statistical and economical 
significance. 
Many empirical CV studies show results where the stated WTP decreases along with an 
increase in household members (children) (negative effect) [94–96]. However, our results 4010 
show that the larger households are, particularly having more children, the higher their WTPs 
are. This means the variable children has a positive effect on the WTP. It is particularly the 
younger members who will be able to enjoy the benefits derived from the aquatic biodiversity 
conservation since those benefits will be available only in the distant future. Larger 
households should, thus, have a higher WTP for the program than smaller households. Some 4015 
of the members of larger households will enjoy these benefits longer than the members of the 
smaller households. Most of them are most likely to be children and will live longer after the 
implementation of the aquatic biodiversity improvement program and its aim accomplishment 
[81]. 
  4020 
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4.4.3 Willingness to Pay and Benefit Calculation 
Another focus of this study lies on the elicitation of households’ WTP for the aquatic 
biodiversity conservation in the Han River basin. Along with the mean WTP, values and 
numbers observed on the variability of the WTP elicited from the two models are presented in 
Table 4.5. Based on Model 2, the proportion of the monthly mean WTP per household was 4025 
estimated at around 46.1% (KRW 78.4) of the current water use charge (KRW 170 per cubic 
meter), which was around 8.2% (KRW 13.9) higher than that of Model 1 (around 38.0%, 
KRW 64.6). After accounting for the correlation (endogeneity bias) between the experience 
and the error terms in the WTP model, each of the parameters of the explanatory variables 
changed. The effect of correcting the endogeneity bias could be dependent on the size of the 4030 
relevant target population, which means the change in the mean WTP affecting policy 
decision making could be different for the level of the correction effect according to the 
relevant population [33]. 
Table 4.5 Values and numbers observed on the variability of the WTP derived from Model 1 
and Model 2. 4035 
Distribution 5% 25% 50% 75% 95% 100% Mean 
WTP 
Model 1 33.56 52.07 56.18 75.69 101.48 129.73 64.61 
Model 2 12.61 52.21 53.25 126.02 165.67 185.24 
1
 78.47 
Observation 25 100 125 125 100 25 500 
1
 Each of the WTP values elicited from Model 1 and Model 2 are presented at 5%, 25%, 50%, 75%, 
95%, and 100% in ascending order. The observation is the numbers observed at each range of the 
percentage levels. 
 
It apparently seems that the mid- and downstream residents gain a lot of benefits from the 4040 
fish biodiversity conservation seeking aquatic ecosystem improvement, whereas the upstream 
residents do not. Under these circumstances, the total benefits from the conservation, which 
entirely belong to the mid- and downstream areas, are calculated in our study. Table 4.6 
presents the results of the benefit calculation. Based on the water use charge (KRW 170 per 
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cubic meter) in 2014, the actual payments of mid- (Gyeonggi-do) and downstream areas 4045 
(Seoul, Incheon) were at around KRW 193.93 billion and KRW 230.48 billion, respectively. 
Based on the proportion (46.1%, KRW 78.4) of the monthly mean WTP per household 
estimated in this study and the regional real payments for the water use charge, the total 
benefits were calculated to be around KRW 195.65 billion per year. The residents in the 
downstream areas obtain the highest benefits at around KRW 106.25 billion per year. The 4050 
benefits of the midstream residents are around KRW 89.40 billion per year (Table 4.6). 
Table 4.6 Total benefit of the mid- and downstream areas generated by the aquatic 
















Incheon 51.94 23.94 






 The total sum of regional water use charges in 2014 was around KRW 443.46 billion. Since we 
consider the benefits of only three administrative districts, the payments of K-water (KRW 19.06 4055 
billion) as a government organization were excluded from the total water use charge. 
 
Despite the implementation of the water use charge since 1999, there are still some 
problems regarding the distribution of the benefits along with contaminated turbid water 
resulting in the destruction or degradation of aquatic biodiversity. As we discussed earlier, the 4060 
inflow of massive soil loss from the highland fields to the basin is regarded as the primary 
non-point pollution sources which negatively affect water quality and aquatic biodiversity. To 
solve this problem, land use management in the highland fields such as the upstream farmland 
purchase should be a priority among all the programs supported by the water use charge. In 
particular, a preferential purchase of the highland vegetables fields, which have more than 15° 4065 
slope causing severe soil erosion, can reduce soil losses by more than eighty-fold [36]. This is 
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consequently likely to decrease nutrient runoff (N,  P2O5, K2O) and pollution intensity of 
turbid water (SI), resulting in improvement of aquatic ecological health (FAI) in the basin. 
Choi et al. (2016) [8] show that total benefits derived by the implementation of the 
highland agriculture restriction policy are much higher than the costs related to land use 4070 
management policies. This means that the economic activities of the upstream areas are 
patently restricted by the land use policy, while the mid- and downstream areas have the total 
benefits from the policy. Based on this result, the land use policy may significantly contribute 
to aquatic biodiversity improvement resulting in a considerable increase in social welfare. 
However, the actual purchase of the upstream vegetable fields, the major source of non-4075 
point pollution, has not been implemented well. This is because due to the concern for 
significant income loss, the highland farmers are not willing to abandon their summer crop 
cultivation which is a major source of their income. To improve and conserve the aquatic 
biodiversity (ecosystems) in the basin, it is necessary to take further aggressive measures 
including increase in the (unit) costs for the highland purchase [8]. 4080 
Since interest in aquatic ecosystem services has increased along with frequent turbid 
water discharge problems, there is a growing need for aquatic biodiversity conservation aimed 
at improving both aquatic ecosystems and social welfare. It is, thus, necessary and very 
important to more actively implement highland farmland purchases for aquatic biodiversity 
(ecosystem) conservation and improvement in the basin. If the practical costs could be 4085 
reallocated to new or other items such as the highland purchase program, ongoing disputes 
between stakeholders regarding operation or management of the water use charge would be 
settled. 
 
  4090 
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4.5 Conclusions and Policy Implications 
This study aimed (1) to identify the determinants of households’ WTP for the fish 
biodiversity conservation aimed at improving aquatic ecosystems (biodiversity) in the Han 
River basin, (2) to investigate and correct the endogeneity bias of a proxy variable such as a 
subjective experience (direct or indirect) of negative environmental quality changes caused by 4095 
the contaminated turbid water, and (3) to derive households’ WTP, examine differences in the 
WTP before and after controlling the endogeneity bias, and calculate the total benefit 
generated from aquatic biodiversity conservation. 
To elicit the WTP (preferences) for aquatic biodiversity conservation, we used the 
contingent valuation (CV) method, as a popular economic valuation technique in biodiversity 4100 
conservation. The CV method, however, has some potential problems. In particular, the 
omission of variables considering heterogeneity in perceptions of respondents of 
environmental quality levels between the status quo and hypothetical changes described in the 
CV survey increases the error of the WTP estimates. To solve the problem, proxy variables 
such as a subjective experience of environmental quality changes (experience) can be 4105 
included in the WTP model. However, the correlation between experience and WTP affected 
by the unobserved characteristics of respondents may cause the endogeneity bias, leading to 
inconsistent parameter estimates. 
We used a bivariate (multivariate) probit model (Model 2) in order to correct the potential 
endogeneity bias. The results show that Model 2 has greater statistical accuracy in parameter 4110 
estimates compared to the naïve probit model (Model 1) without considering the bias. The 
coefficient of experience was endogenously biased (positively correlated) with WTP in Model 
1. In Model 2, its sign and effect changed to negative (true effect). We assume that 
respondents who have observed and heard about damages to aquatic life due to the 
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contaminated turbid water may be more skeptical of the effectiveness of the water use charge 4115 
and also negative about that of newly proposed water policies. Since the long-term turbidity 
problems have been experienced by all districts along the Han River basin, there may be no 
WTP difference between residents of the mid- and downstream areas in the basin. In addition, 
those who have already found the alternatives or regained the benefits in different areas are 
less likely to accept the aquatic biodiversity conservation policy in the basin. 4120 
Households who reside with children (children) and have a lower income level 
(lowincome) may be more willing to pay for the aquatic biodiversity conservation. It seems 
that the higher income households can afford to find alternatives for enjoying their outdoor 
activities, which means that they are less responsive to environmental quality changes. If the 
Han River basin is qualitatively improved through the conservation program, the lower 4125 
income households can save travel time and costs by enjoying the outdoor activities around 
the basin close to their residences. They are, thus, more affected by changes in the 
environmental quality. Since the younger household members will live longer after the policy 
enforcement and the attainment of its goal, they will be able to enjoy the benefits of the rich 
aquatic biodiversity longer. The households residing with children are likely to have a higher 4130 
WTP for the aquatic biodiversity conservation than those without children. 
The mean WTP per month per household is estimated at around 46.1% (KRW 78.4) of 
the current water use charge (KRW 170 per cubic meter). Based on the mean WTP per 
household and the real annual payments (KRW 424.41 billion) of the mid- and downstream 
areas for the water use charge in 2014, the total benefit from the improvement of the aquatic 4135 




Due to harm of the contaminated turbid water to aquatic biota, more positive highland 
purchases to improve and conserve aquatic biodiversity (ecosystem) is becoming a necessity 
in the basin. Obviously, the land use management policy contributes to preventing massive 4140 
soil loss from the highland vegetable fields and its inflow to the basin. Above all, the 
purchase of the highland vegetable fields having steep slopes (more than 15°) and causing 
drastic soil erosion (more than 8 times) is significantly able to contribute to maintaining a 
good aquatic ecological balance (biodiversity) of the basin by reducing the stress of fish 
habitats (SI) and improving fish diversity (FAI). 4145 
Although the benefits from aquatic biodiversity improvement should be equally 
distributed among stakeholders in the basin, the mid- and downstream areas have almost all 
the benefits. On the contrary, the upstream areas (highland farmers) are under restrictions of 
their economic activities. For the efficient implementation of the highland vegetable field 
purchase, it is necessary that appropriate compensation for the abandonment of their highland 4150 
cultivation causing significant income loss is guaranteed through practical measures such as a 
rise in unit costs for the highland purchases. To settle contentious issues on operation or 
management of the water use charge, reallocation of the realistic costs to the highland 
purchase program for the aquatic biodiversity conservation and improvement should be taken 
into consideration. 4155 
Society is provided a wide variety of ecosystem services such as food provision, 
biodiversity, recreation, drinking water, etc. from water bodies [97]. The total benefit 
calculated in our study is involved in only one service, aquatic biodiversity improvement 
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4.9 Appendix  
4.9.1 Water consumers questionnaire I 
SQ1. Head of the househhold  
1. Yes   2. No ☞ Interview closing 
SQ2. Gender  4400 
1. Male  2. Female 
SQ3. Age (   year) 
1. 19 to 29  
2. 30s 
3. 40s  4405 
4. 50s 
5 Over 60 
SQ4. Residential districts 
1. Seoul  
2. Incheon  4410 
3. Gyeonggi-do  
4. Otherwise ☞ Interview closing 




A1. Do you know the fact that the Han River is a source of water that is supplied to your 4415 
residence? 
1. Yes   2. No   
A2. The Han River is a major drinking water source of your residential district. What do you 
normally use the tap water or the Han River for? (multiple responses)  
1. Water for living (dish-washing, laundry, shower)  4420 
2. Water for commercial use (fishing, recreation) 
3. Private water activities (swimming, fishing, boating, water-skiing, windsurfing) 
4. Enjoying river scenery 
5. Artistic activities such as pictures and paintings 
6. Experience in natural (education) 4425 
7. Water for agricultural use  
8. Otherwise 
A3. What is the distance from your residence to the Han River? 
1. less than 10km 
2. 10 to 30km  4430 
3. 30 to 50km  
4. 50 to 70km 
5. 70 to 100km 
6. 100 to 150km 
7. 150 to 200km 4435 
8. More than 200km 
A4. Do you see the Han River in your daily life including commuting at least once per season 
(every 3 months)? 
1. Yes   2. No   
A5. How do you feel about the quality of water in the Han River? 4440 
1. Excellent ☞ Go to A5-1 
2. Good  ☞ Go to A5-1  
3. Normal ☞ Go to B1 
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4. Bad ☞ Go to A5-2  
5. Very bad ☞ Go to A5-2 4445 
A5-1. Why do you think that the Han River has good water quality?  
1. It looks clean from a distance  
2. It looks clean in near view (on a boat) 
3. Tap water can be drunk without purifying 
4. Most of the media say that the water quality is good in the Han River  4450 
5. It is possible to swim in the Han River  
6. It is possible to eat fish in the Han River 
7 It does not smell in the Han River 
8. Otherwise  
A5-2. Why do you think that the Han River has normal water quality? 4455 
1. It does not look clean from a distance 
2. It does not look clean in near view (on a boat) 
3. It is not possible to drink tap water without purifying 
4. Most of the media say that the water quality is bad in the Han River  
5. It is not possible to swim in the Han River 4460 
6 It is not possible to eat fish taken in the Han River  
7. It smells in the Han River  
8. Otherwise 
PART B. Opinions on evaluating and managing water quality according to climate 
change  4465 
B1. In recent decases have you experienced tap water problems, expeically during the summer 
monsoon or dry season (spring and winter)? 
 
Yes NO 
B1-1. Rust (red water) ① ② 
B1-2. Odor ① ② 
B1-3. Impurity ① ② 
B1-4. Turbid water  ① ② 
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B2. Do you think water quality in the Han River can be degraded (or changed) by climate 
change? 
1. Yes   2. No   4470 
B3. What do you think the main pollutants are in the Han River? Please write the numbers in 
order. (1st :    2nd :     )  
1. Factory waste water  
2. Mine waste water  
3. Domestic sewage    4475 
4. Water-related leisure activities  
5. Industrial waste dumping 
6. Landfill leachate   
7. Inflow of contaminated rainwater  
8. Soil erosion from upstream high mountainous agricultural fields in the Han River basin 4480 
9. Otherwise 
B4. How important do you think that managing water quality under climate change is at the 
individual and the national levels? 




important Normal Unimportant 
Totally 
unimportant 
Individual ① ② ③ ④ ⑤ 
National ① ② ③ ④ ⑤ 
 
B5. What do you think the most suitable method is for water quality management under 4485 
climate change?  
1. Strict management standard and sufficient funds are necessary due to the inporatance of 
water quality manaagemtn  
2. Reducing costs of managing water quality should be focused on instead of strict water 
quality management 4490 
3. Standard and costs of water quality management are aleady excessive  
PART C. Changes in aquatic ecosystems from climate change and opinions on 
conserving aquatic ecosystems in the Han River  
 １７４ 
 
C1. In recent years have you directly observed or seen or heard of water quality problems 
during the summer monsoon or drought? (Including the media such as TV, radio, newspaper, 4495 
and internet)  
 
있음 없음 
C1-1. Contaminated turbid water caused by soil erosion from high mountainous 
agricultural fields in upstream areas of the Han River 
① ② 
C1-2. Algal blooms and odor ① ② 
 
C2. Have you directly seen or indirectly heard of negative effects of those highly 
contaminated turbid water and algal blooms on aquatic ecosystems in the Han River? (e.g. 
aquatic organisms such as fish and plants extinction or death) (Including the media such as 4500 
TV, radio, newspaper, and internet)  
1. Yes  ☞ Go to C2-1  2. No   ☞ Go to C2-2  
C2-1. What do you think about those negative impacts on aquatic ecosystems in the Han 
River (Multiple responses)  
1. Aquatic ecosystems (fish and plants) will be destroyed 4505 
2. National or local governments’water quality purifying costs will increase  
3. Countermeasures such as boiling tap water and installing purifier should be prepared 
4. Water activities such as swimming and boating may be impossible  
5. Aesthetically unpleasing view 
6. As time goes by it will return to normal 4510 
7. No problem  
8. Otherwise  
C2-2. What will you do if you experience those negative impacts on aquatic ecosystems in the 
Han River? (Multiple responses)  
1. Aquatic ecosystems (fish and plants) will be destroyed 4515 
2. National or local governments’water quality purifying costs will increase  
3. Countermeasures such as boiling tap water and installing purifier should be prepared 
4. Water activities such as swimming and boating may be impossible  
5. Aesthetically unpleasing view 
6. As time goes by it will return to normal 4520 
7. No problem  
8. Otherwise  
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C3. Do you think a measure to prevent aquatic organism extinction and ecosystem 
drestruction caused by the highly contaminated turbid water and algal blooms during the 
summer monsoon or drought in the Han River is necessary? 4525 
1. Very necessary  
2. Somewhat necessary   
3. Not really necessary  
4. Wholly unnecessary 
C4. What do you think the aquatic ecosystem drestruction prevention measure should be 4530 
financed by? 
1. Securing funds through reduction or abolition of existing programs of the central or local 
governments  
2. A tax levied on people’s benefits from the restoration of environmental pollution 
3. People’s or businesses’ voluntary donations  4535 
4. Water use charge to businesses using the Han River  
5. Otherwise  
C5. A wide range of benefits from sustainable aquatic ecosystem conservation in the HanRiver 




Important Normal Unimportant 
Totally 
unimportant  
C4-1. Commerical purposes such as fishing  ① ② ③ ④ ⑤ 
C4-2.  Non-commerical purposes such as 
medical and scientific uses of aquatic 
organisms  
① ② ③ ④ ⑤ 
C4-3. Recreation, educational purposes 
through experience of aquatic ecosystems  
① ② ③ ④ ⑤ 
C4-4. Protecting functons of aquatic 
organismas such as water quality 
purification and water quantity regulation  
① ② ③ ④ ⑤ 
C4-5. Providing natural landscape and 
drinkging water for Seoul metropolitna 
areas(Seoul, Incheon, Gyeonggi-do)  
① ② ③ ④ ⑤ 
C4-6. Inheritance of clean aquatic 






PART D. Willingness to pay for the aquatic ecosystem conservation policy  
Resurlts of water pollution caused by higly contaminated turbid water and algar blooms 
during the summer monsson and drought in the Han River basin  
① Breathing disorders, reduction in fertility, stunted growth  
② Destruction or degradation of fish habitat in all layers of the river from top to bottom 
③ Increase in plankton and fish mortality  
▶ Han River aquatic ecosystem health assessment (Minestry of Environment and National 
Environmental Protection Institute, 2008;2009; 2010; 2011; 2012) 
Fish assessment Indext (FAI) is one of the biological indicators for aquatic ecological health 
assessment using the composition and diversity of collected fish species. 
< FAI classification and characteristics> 
Classification A B C D 
Water quality Excellent Good Noraml Bad 
Score  87.5≤ FAI ≤100 56.2≤ FAI <87.5 25.0≤ FAI <56.2 0≤ FAI <25.0 
 
① Based on mean FAI from 2010 to 2012, fish species living in category D (poor water quality) 
Silurusasotus, Cyprinuscarpio, and Carassiusauratus, which are much less affected by turbid water, 
are dominant in the Paldang Lake  
② The proportion of fish species living in category A (excellent water quality) of the basin such as 
Rhynchocyprisoxycephalus, Rhynchocypriskumgangensis, and Brachymystaxlenok had been sharply 
reduced from 22.2% in 2008 to 12.5% in 2011 
▶ Effects of the pollution intensity of turbid water on on aquatic ecosystems (Kim et al., 
2007) 
Another useful tool for predicting the effects of the pollution intensity of turbid water  
① Turbid stream (TS) with a mean SI of 10.3 has an eighty-four times higher stressful fish habitat 
than non-turbid stream (NTS) with a mean SI of 5.3.   
② NTS is dominated by Rhynchocypriskumgangensis (around 86.4%) living in category A 
(excellent water quality), whereas TS is dominated by Zacco platypus or koreanus (around 32.0%), 
Orthriasnudus, Iksookimiakoreensis, and Pseudogobioesocinus (around 37.5%) living in category C 
(fair water quality) and category D (poor water quality). 
③ Fish density in NTS was 4.1 times higher than that in TS. Similarly, the fish community in NTS 
is very analogous to that in natural streams of similar size. On the other hand, TS has totally 




  4545 
Under climate change water quality management problems in the Han River basin 
▶ Han River basin management fund  
Following the beneficiaries’ pay principle, a water use charge was introduced to arrange finance 
required for the Han River management fund. The charge has been increased from KRW 80 per 
cubic meter in 1999 to KRW 170 per cubic meter in 2014.  
This fund s used for ① construction and operation of waste treatment facilities; ② upstream 
community support program; ③ upstream land purchase and riparian zone management; ④ water 
quality improvement programs such as natural stream restoration, non-point pollution source 
treatment, eco-friendly clean industry development, and drinking water source management 
▶ Growing concerns  
① Operational problems of the fund (wasteful and inefficient use of the fund for water quality 
control such as overinvestment in waste treatment facilities, underperforming land purchase of 
riparian zones, temporary community support).  
② Absence of practical policies and finance for the conservation and protection of endangered 
aquatic biota 
Need for improving and conserving aquatic ecosystems in the Han River basin  
① Adding items of conserving aquatic ecosystems into water quality improvement programs 
financed by the water use charge   
② Introduction of tantatively named ‘Han River aquatic ecosystem conservation fund’ 
▶ Assumption   
Based on the mean FAI in a recent three year period (2010 to 2012), in the Han River basin the 
proportion of category A (excellent water quality) decreased from 22.1% to 14.6%, whereas the 
proportion of category C (fair water quality) increased from 26.1% to 29.5%. In addition, if the 
concentration of suspended solids (SS) lasts for 31 days in a range of more than 25 mg·L
−1
 per year 
(This is equivalent to a mean SI ranging from 9.8 to 10.0 year
−1
 corresponding to SI of 10.3 in the 
turbid stream of the basin). 
① Increasing the proportion of water quality category A by around 15% (from 14.6% to 
30.0%) and decrease that of category C by around 15% (from 29.5% to 15.0%), 
② Reducing or keeping the concentration of SS below 25 mg·L−1 per year which have no 
negative impact on the habitat of aquatic life 
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D1. Do you agree with the aquatic ecosystem conservation policy in the Han River basin?  
1. Yes ☞ Go to D2   2. No ☞ Go to D1-1   
D1-1. What is the reason why you do not agree with t the aquatic ecosystem conservation 
policy? (Multiple responses) 
1. Waer consumers’ benefits from the aquatic ecosystem conservation policy are not clear  4550 
2. It is not worth conserving aquatic ecosystems in the Han River  
3. Manageing aqutic ecosystems in the Han River is now sufficient  
4. There is no probrem with aquatic ecosystems in the Han River 
5. Fund rasing and management lack crediability  
6. Otherwise  4555 
D2. Are you willing to pay KRW (  ) per month by tax for (tantatively named) the ‘Han 
River aquatic ecosystem conservation fund’ to conserve aquatic ecosystems in the Han River 
basin? (Baed on the water use charge of KRW 170 per ton in 2014, 20% → KRW 34, 40% → 
KRW 68, 60% → KRW 102, 80% → KRW 136, 100% → KRW 170) 
1. Yes    2. No  4560 
Types Willigness to pay Agree or disagree 
Water use charge of 100% 





























D3. Please indicate the final accepted amount regardless of ‘yes’ or ‘no’ response. How much 
is the largest amount of money would you pay for the policy of conserving aquatic 
ecosystems in the Han River basin?  KRW (     ) per ton (Include respondents who said 
KRW ‘0’ ☞ Go to E4) 4565 
PART E. Social economic background 
E1. Do you have children? (Multiple responses) 
1. No child  
2. Infants / Kindergartener  
3. Elementary school 4570 
4. Middle school 
5. High school 
6. College/University (including graduate school) 
7. Office worker 
E2. How many years have lived in your current city? (     ) years  4575 
E3. Where were you born? 
1. Districts associated with the Han River basin 
2. Districts associated with the Geum, Nakdong, Yeongsan River basins except the Han River  
3. Districts unrelated to the Han, Geum, Nakdong, Yeongsan River basins  
E4. What is your highest level of academic education?  4580 
1. No schooling 
2. Elementary school  
3. Middle school  
4. High schoolf  
5. College/University  4585 
6. Master/Ph.D 
 
E5. How much do you earn per year in your household? 
1. Less than 10 million won 
2. 10 million won to less than 20 million won 4590 
3. 20 million won to less than 30 million won 
 １８０ 
 
4. 30 million won to less than 40 million won 
5. 40 million won to less than 50 million won 
6. 50 million won to less than 60 million won 
7. 60 million won to less than 70 million won 4595 
8. 70 million won to less than 80 million won 
9. 80 million won to less than 90 million won 
10. 90 million won to less than 100 million won 
11. More than 100 million won 
E6. Please, mark ‘√’  4600 
 
 
4.9.2 Water consumers questionnaire II (Korean) 
 
SQ1. 선생님은 가구의 세대주이거나 가계(살림)를 책임지고 있으십니까?  4605 
① 예     ② 아니오 ☞ 면접 종료 
SQ2. 성별  
① 남자     ② 여자 
SQ3. 연령 (만 세) 
① 만 19세-29세  ② 30대  ③ 40대  ④ 50대  ⑤ 60대 이상 4610 
SQ4. 거주 지역  
① 서울시  ② 인천시  ③ 경기도  ④ 기타 ( )  ☞ 면접 종료  
PART A. 한강 이용 행태 및 수질(水質)에 대한 견해  
A1. 선생님께서 거주하고 계신 지역의 식수원이 한강이라는 사실을 알고 계십니까? 
Very much ☜ ① ② ③ ④ ⑤ ☞ Very little 
Do you think that the information given in this 





Do you think that the information given in this 





Do you think that the information given in this 







① 알고 있다    ② 모르고 있다 4615 
A2. 선생님께서 현재 거주하고 계신 지역은 한강을 식수원으로 사용하고 있는 
지역입니다. 선생님께서는 한강을 식수 외에 어떤 용도로 이용(활용) 하십니까? 
(복수응답 가능)  
① 일반 생활용수(설거지, 세탁, 세면 등) ② 사업용(어업, 레크레이션 등)  
③ 개인물놀이(수영, 낚시, 뱃놀이, 수상스키, 윈드서핑 등) ④ 하천경관 감상  4620 
⑤ 사진, 그림 등 예술 활동  ⑥ 자연체험 학습(교육)  
⑦ 농업용수(논, 밭의 곡물 및 채소 재배 등) ⑧ 기타 ( )  
A3. 선생님께서 거주하고 계신 지역은 한강까지 얼마나 떨어져 있습니까? 
① 10Km 이내  ② 10.0 - 29.9Km  ③ 30.0 - 49.9Km  ④ 50.0 - 69.9Km   
⑤ 70.0 - 99.9Km ⑥ 100.0 - 149.9Km  ⑦ 150.0 - 199.9Km  ⑧ 200Km 이상 4625 
A4. 선생님께서는 일상 생활(출/퇴근 포함)에서 한강을 계절별로(3개월마다) 최소 한 
번 이상 보십니까? 
① 그렇다      ② 아니다 
A5. 평소 한강을 이용(활용)하면서 수질이 어떻다고 생각하셨습니까? 
① 매우 좋다 ☞ A6-1로  ② 좋다  ☞ A6-1로 ③ 보통이다 ☞ B1 으로 4630 
④ 나쁘다 ☞ A6-2로 ⑤ 매우 나쁘다 ☞ A6-2로 
A5-1. 한강의 수질(水質)이 좋다고 생각하시는 가장 큰 이유는 무엇입니까?  
① 멀리서 보기에 깨끗해 보이기 때문에  
② (배를 타는 등)가까이서 보기에 깨끗해 보이기 때문에 
③ 수돗물을 그냥 마실 수 있기 때문에  4635 
④ 방송, 신문 등 언론매체에서 수질이 좋다고 하기 때문에 
⑤ 물놀이를 할 수 있기 때문에  
⑥ 한강에서 잡히는 물고기를 먹을 수 있기 때문에 
⑦ 한강 물에서 냄새가 나지 않기 때문에 
⑧ 기타 (     ) 4640 
A5-2. 한강의 수질(水質)이 나쁘다고 생각하시는 가장 큰 이유는 무엇입니까?  
① 멀리서 보기에 깨끗해 보이지 않기 때문에  
② (배를 타는 등)가까이서 보기에 깨끗해 보이지 않기 때문에 
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③ 수돗물을 그냥 마실 수 없기 때문에 
④ 방송, 신문 등 언론매체에서 수질이 나쁘다고 하기 때문에 4645 
⑤ 물놀이를 할 수 없기 때문에 
⑥ 한강에서 잡히는 물고기를 먹을 수 없기 때문에 
⑦ 한강 물에서 역한 냄새가 나기 때문에 
⑧ 기타 (     ) 
PART B. 기후 변화에 따른 수질 평가 및 수질 관리에 관한 견해  4650 
B1. 선생님께서는 최근 10년간 여름철 집중 호우 및 가뭄, 봄·겨울철 갈수기 때 수돗물에서 다음과 
같은 오염을 경험한 적이 있습니까? 
 
있음 없음 
B1-1. 녹물이 나오는 경우 ① ② 
B1-2. 악취가 나는 경우 ① ② 
B1-3. 이물질이 있는 경우 ① ② 
B1-4. 수돗물 색이 탁한 경우 ① ② 
 
B2. 선생님께서는 기후 변화로 한강 수질(수질 변화)이 오염될 수 있다고 생각하십니까? 
① 그렇다    ② 그렇지 않다   4655 
B3. 그렇다면, 선생님께서는 한강 수질(水質)을 오염시키는 주(主)원인이 무엇이라고 
생각하십니까? 순서대로 1순위부터 2순위까지 응답해 주십시오. 1순위 ( ), 2 순위 ( ) 
① 공장 폐수  ② 광산 폐수  ③ 생활 하수  ④ 물놀이  ⑤ 산업 폐기물 투기  
⑥ 쓰레기매립장(처리장)으로부터의 침출수 ⑦ 자동차도로의 (오염된) 빗물 유입 
⑧ 한강 상류 고랭지농업의 토사 유출  ⑨ 기타 ( )  4660 
B4. 선생님께서는 기후변화에 따른 수질(水質) 관리가 얼마나 중요하다고 생각하십니까? 개인적 









개인적 차원 ① ② ③ ④ ⑤ 
국가적 차원 ① ② ③ ④ ⑤ 
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B5. 선생님께서는 기후 변화에 따른 수질(水質) 관리에 관한 다음의 항목 중 가장 적절한 
것은 무엇이라고 생각하십니까? 
① 수질 관리는 중요하므로 엄격한 관리 기준과 충분한 비용이 필요하다. 4665 
② 엄격한 수질 관리보다는 비용을 줄이는 것에 집중해야 한다. 
③ 수질에 대한 관리 기준과 관리 비용이 이미 지나칠 정도이다. 
PART C. 기후 변화로 수질(水質) 변화에 따른 한강 수생태계 보전에 관한 견해 
C1. 선생님께서는 최근 기후 변화, 특히 여름철 집중 호우 또는 가뭄 때 한강 인근에서 
다음과 같은 오염을 직접 목격하거나 매스컴을 통해 접해본 적이 있습니까? (매스컴 - 4670 
TV, 라디오, 신문, 인터넷 등 모두 포함) 
 
있음 없음 
C1-1. 한강 상류 토사 유출로 하류 고농도 흙탕물 발생 ① ② 
C1-2. 녹조 또는 적조 현상 및 악취 ① ② 
 
C2. 그렇다면, 위 고농도의 흙탕물 발생과 녹조 또는 적조 현상 등으로 한강 인근 
수생태계에 부정적인(예: 어류, 식물 등 수생생물 멸종위기 또는 폐사) 사례를 본 
경험이 있습니까? (직접 또는 매스컴-TV, 라디오, 신문, 인터넷 등 모두 포함)  4675 
① 있다  ☞ C2-1     ② 없다 ☞ C2-2   
C2-1. 한강 인근 수생태계에 부정적인 사례를 경험하였을 때 선생님께서는 어떤 생각이 
들었습니까? (복수 응답 가능)  
① 수생 생물(물고기, 식물 등) 생태계가 파괴될 것 같다 
② 국가나 지자체 차원에서 수질 정화 예산이 늘어날 것 같다  4680 
③ 수돗물을 끓여 먹거나 정수기 설치 등 대책을 세워야 할 것 같다  
④ 수영, 보트놀이 등과 같은 물놀이가 불가능할 것 같다  ⑤ 미관상 좋지 않다 
⑥ 시간이 지나면 원래의 상태로 돌아갈 것 같다  ⑦ 아무런 문제없다  
⑧ 기타 ( ) 
C2-2. 만약, 한강 인근 수생태계에 부정적인 사례를 경험한다면 어떤 생각이 들것 4685 
같습니까? (복수 응답 가능) 
① 수생 생물(물고기, 식물 등) 생태계가 파괴될 것 같다 
② 국가나 지자체 차원에서 수질 정화 예산이 늘어날 것 같다  
③ 수돗물을 끓여 먹거나 정수기 설치 등 대책을 세워야 할 것 같다  
④ 수영, 보트놀이 등과 같은 물놀이가 불가능할 것 같다  ⑤ 미관상 좋지 않다 4690 
⑥ 시간이 지나면 원래의 상태로 돌아갈 것 같다  ⑦ 아무런 문제없다  
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⑧ 기타 ( ) 
C3. 선생님께서는 여름철 집중 호우 또는 가뭄으로 발생한 한강 하류의 고농도 흙탕물과 
녹조 및 적조 현상으로 인한 한강 수생생물 멸종위기와 생태계 파괴를 방지하기 위한 
대책이 얼마나 필요하다고 생각하십니까? 4695 
① 매우 필요하다 ② 어느 정도 필요하다 ③ 필요하지 않다 ④ 전혀 필요하지 않다  
C4. 선생님께서는 한강 수생생물 멸종위기와 생태계 파괴 방지 대책 수립을 위한 비용이 
어떻게 조달되어야 한다고 생각하십니까? 
① 정부 또는 지방 자치 단체의 기존 사업을 축소/폐지하여 예산 확보 후 조달 
② 국민들에게 환경 오염 복구를 위한 명목의 세금 추가 징수로 조달 4700 
③ 국민 또는 기업의 자발적 기부금을 통해 조달 
④ 한강을 이용하는 기업에게 이용 부담금으로 조달 
⑤ 기타 (        ) 
C5. 한강의 지속가능한 수생태계 보전을 통해 얻을 수 있는 혜택 들은 아래와 같습니다. 










C4-1. 어류 채취 등 상업적 목적  ① ② ③ ④ ⑤ 
C4-2. 수생 생물의 의료, 과학적 이용 등 비상업적 목적 ① ② ③ ④ ⑤ 
C4-3. 휴양, 수생태계 체험 및 교육 등  ① ② ③ ④ ⑤ 
C4-4. 수질 정화, 수량 조절 등 수생 생물 생태계의 공익적 
기능 보호 
① ② ③ ④ ⑤ 
C4-5. 우리나라 4대강의 하나로 서울, 인천, 경기 등 수도권 
젖줄 (수돗물의 원천) 이자 자연 경관 제공  
① ② ③ ④ ⑤ 






PART D. 한강(팔당호) 수생태계 보전(保全) 정책 수립을 위한 비용 지불 의향 
한강 수계(水系) 여름철 집중 호우 및 가뭄으로 인한 수질 오염 (고농도 흙탕물, 
녹조, 적조) 결과 
① 어류의 질식사와 아가미 장애, 면역 능력 감소, 생식력 및 성장률 감소 
② 토사, 부유물 퇴적 증가로 부화율 및 산란지, 서식지, 피난처 감소 및 파괴  
③ 플랑크톤 발생, 어류의 폐사와 서식 환경 악화  
▶한강 수생태 건강성 평가 (환경부/국립환경연구원, 2008;2009; 2010; 2011; 2012) 
어류평가지수(FAI)는 대표적인 수생생물을 이용한 수생태 건강성 평가 기법 중의 하나 
< FAI 등급 및 특성 > 
등급 A B C D 
수질 아주 좋음 좋음 보통 나쁨 
평가점수 87.5≤FAI≤100 56.2≤FAI<87.5 25.0≤FAI<56.2 0≤FAI<25.0 
 
① 2010~2012년 평균 FAI를 기준으로 한강 수계의 팔당호는 수질이 나쁜‘D’범주에서 
속하며 흙탕물의 영향을 덜 받는 메기, 잉어 등의 어류들이 주로 서식 
② 아주 좋은 수질 ‘A(아주 좋음)’범주에 속하는 금강모치, 열목어 등의 어류 비중은 
2008년 22.2%에서 2011년 12.5%로 급격히 감소  
▶ 흙탕물 오염강도 영향 평가 (김범철 외, 2007) 
어류 스트레스 지수(SI)는 흙탕물 오염이 수생태 건강성에 미치는 영향을 예측하는 또 
다른 평가 기법  
① 흙탕물 오염하천 (SI of 10.3)의 어류 스트레스는 흙탕물이 없는 하천 (SI of 5.3) 
보다 84배나 높음  
② 비흙탕물 하천은 FAI A등급 (아주 좋음)에 서식하는 어류 비중이 86.4%를 차지함 
반면에 흙탕물 하천에는 FAI C등급 (보통)과 D등급 (나쁨) 서식 어류 들이 약 
70%를 차지함 
③ 비흙탕물 하천은 흙탕물 하천보다 어류 밀도가 4.1배나 높고, 어류 군집도 다른 
지역의 비슷한 환경을 가진 하천과 비슷한 반면 흙탕물 하천은 완전히 다른 어류 
군집을 보임       
한강 수계(水系) 기후변화에 따른 수질 관리 문제점 




D1. 위의 글을 읽으신 후, 선생님께서는 현재 물이용부담금의 일부분을 할당하여 (가칭)
‘한강 수생태계 보전 기금’조성에 대해 어떻게 생각 하십니까?  
① 찬성한다 ☞ D2 로    ② 반대한다 ☞ D1-1 로 
D1-1. 선생님께서 (가칭) ‘한강 수생태계 보전 기금’ 조성에 반대하시는 이유는 무엇입니까? 
① 해당 정책으로 최종 소비자가 얻을 혜택이 명확하지 않아서 4715 
상류지역 수질개선 및 주민지원 사업 추진 
▶사용용도  
① 상류 지자체 환경기초시설 설치 및 운영비 지원 (하수처리장, 축산폐수처리장 등)  
② 규제지역 주민지원사업 (상류지역 주민의 소득증대, 생활개선) 
③ 수변구역 (상수원보호구역 등) 토지매수 
④ 상수원 수질개선 (청정산업 지원, 오염하천정화사업 등) 
▶문 제 점  
① 기금의 효율성 및 운용에 대한 문제 (환경기초시설의 과다설치, 토지매수사업의 
실효성 부재, 일시적이고 소모적인 주민지원사업 등).  
② 수질개선 항목들 중 수생태계 보전에 대한 기금지출 전무  
한강 수계(水系) 생태계 보전(保全)을 위한 수질개선 노력 필요 
① 물이용부담금의 수질개선 사용용도에 한강 수생태계 보전사업 항목을 추가 
② 물이용부담금에서 일부 할당되는,(가칭) 한강 수생태계 보전 기금’상정 
▶ 가정  
한강 수계 FAI A등급 비중이 2007~2009 년 평균 22.1%에서 2010~2012 년 평균 
14.6%까지 감소함. 반면에 FAI C등급 비중은 26.1%에서 29.5%까지 증가함. 또한, 
흙탕물의 장기간 (31일 일상) 발생으로 부유물질 농도가 25 mg·L−1 per year 이상 
지속 (흙탕물 하천의 평균 SI of 9.8~10.0과 비슷) 되면서 어류 서식지에 심각하게 
피해를 주고 있음  
① FAI A등급 비중을 좋은 수준인 약 30% 까지 (15%p)증가, 반면에 FAI C 등급은 15% 
수준까지 (15%p)감소 
② 수중생물 서식지에 부정적인 영향을 주지 않는 부유물질 농도를 25 mg·L−1 per 
year 이하로 유지 
 １８７ 
 
② 한강 수계 생태계를 보호할 가치가 작기 때문에  
③ 한강 수계 생태계 관리 상태는 지금도 충분하기 때문에  
④ 현재 한강 수계 생태계에 아무 문제가 없다고 생각하기 때문에 
⑤ 기금(세금) 조성 및 자금의 운용에 신뢰성이 없기 때문에  
기타 ( ) 4720 
D2. 선생님께서는 한강의 수생태계를 보전하기 위한 (가칭)‘한강 수생태계 보전 기금’ 
조성을 위해 얼마나 지불하실 의향이 있습니까? 아래에서 선택하여 주십시오. 
(현재 톤당 170원의 물이용부담금 기준에서는 20%-34원, 40%-68원, 60%-102원, 80%-



































D3. 위에서 ‘예’ 또는 ‘아니오’라고 답하신 것에 상관없이 지불(할당)하실 의향이 있는 
최대 금액을 아래에 적어주십시오.      톤당 (   )원  
 １８８ 
 
PART E. 일반적 사항 
E1. 현재 선생님 가정에서 아래 연령대에 속한 자녀가 있습니까? (복수 응답 가능)  
① 자녀 없음   ② 태아/유아(초등학교 입학 전까지)  ③ 초등학생   ④ 중학생   4730 
⑤ 고등학생 ⑥ 대학교(대학원 포함) ⑦ 직장인(취업준비생 포함) 
* 자녀 없음 : 자녀가 없거나 따로 살고 있는 자녀들은 모두 해당됨  
E2. 선생님께서는 현재 거주하고 계신 곳을 포함하여 한강 수계 관련 지역에 얼마나 
거주 하셨습니까? (       )년  
 4735 
E3. 선생님의 출생지는 어디십니까?  
① 한강 관련 지역 ② 한강 외 4대강 관련지역 ③ 한강 포함 4대강과 관련이 없는 지역 
 
E4. 선생님께서는 학교 교육을 어디까지 받으셨습니까?  
① 무학 ② 초등학교 중퇴 ③ 초등학교 졸업 ④ 중학교 중퇴 4740 
⑤ 중학교 졸업 ⑥ 고등학교 중퇴 ⑦ 고등학교 졸업  ⑧ 전문대학/대학교 중퇴 
⑨ 전문대학/대학교 졸업   ⑩ 석사/박사 이상 
 
E5. 선생님 댁의 (세금 공제 전) 연간 총 소득은 다음 중 어디에 해당 되십니까?  
(단, 혼자 독립하여 살고 있는 경우는 본인의 소득만을 고려하여 주십시오)  4745 
① 1천만원 미만 ② 1천만원 ∼ 2천만원 미만 ③ 2천만원 ∼ 3천만원 미만 
④ 3천만원 ∼ 4천만원 미만 ⑤ 4천만원 ∼ 5천만원 미만 ⑥ 5천만원 ∼ 6천만원 미만 
⑦ 6천만원 ∼ 7천만원 미만 ⑧ 7천만원 ∼ 8천만원 미만 ⑨ 8천만원 ∼ 9천만원 미만 
⑩ 9천만원 ∼ 1억원 미만 ⑪ 1억원 이상 
 4750 










E7-1. 설문지를 작성하는데 제공된 정보는 충분했다고 
생각하십니까?    
③ 
  












(Eidesstattliche) Versicherungen und Erklärungen 4755 
(§ 8 S. 2 Nr. 6 PromO) 
Hiermit erkläre ich mich damit einverstanden, dass die elektronische Fassung meiner 
Dissertation unter Wahrung meiner Urheberrechte und des Datenschutzes einer gesonderten 
Ü berprüfung hinsichtlich der eigenständigen Anfertigung der Dissertation unterzogen werden 
kann. 4760 
 
(§ 8 S. 2 Nr. 8 PromO) 
Hiermit erkläre ich eidesstattlich, dass ich die Dissertation selbständig verfasst und keine 
anderen als die von mir angegebenen Quellen und Hilfsmittel benutzt habe. 
 4765 
(§ 8 S. 2 Nr. 9 PromO) 
Ich habe die Dissertation nicht bereits zur Erlangung eines akademischen Grades anderweitig 
eingereicht und habe auch nicht bereits diese oder eine gleichartige Doktorprüfung endgültig 
nicht bestanden. 
 4770 
(§ 8 S. 2 Nr. 10 PromO) 
Hiermit erkläre ich, dass ich keine Hilfe von gewerblichen Promotionsberatern bzw. –
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